UNCLASSIFIED 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

••  REPORT  NUMBER  a.  GOVT  ACCESSION  NO. 

fib- ft  nt 

3.  RECIPIENT'S  CATALOG  NUMBER 

l3  <2.3 

4.  TITLE  (and  Subtltlo) 

GRAND  FORKS-EAST  GRAND  FORKS  URBAN  WATER 

RESOURCES  STUDY;  Flood  control  Appendix 

S.  TYPE  OF  REPORT  4  PERIOD  COVERED 

Final;  1979-1984 

6.  PERFORMING  ORG.  REPORT  NUMBER 

T.  AUTHORf.J 

ft.  CONTRACT  OR  GRANT  NUM8ERO) 

t.  PERFORMING  ORGANIZATION  NAME  ANO  AOORESS 

ARMY  CORPS  OF  ENGINEERS,  ST.  PAUL  DISTRICT 

1135  USPO  And  Custom  House 

St.  Paul.  MN  55101 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  ft  WORK  UNIT  NUMBERS 

II.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 

12.  REPORT  OATE 

Julv  1981  . . 

13-  NUMBER  OF  PAGES 

192 

14.  MONITORING  AGENCY  NAME  «  ADDRESS^/  dlltoronl  Iron  Controlling  Oilier) 

IS.  SECURITY  CLASS,  (ol  thte  report) 

Unclassified 

IS*.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 

IB.  DISTRIBUTION  STATEMENT  f ol  tblrn  Report) 

Approved  for  public  release;  distribution  unlimited 

17.  DISTRIBUTION  STATEMENT  (ol  the  obotroct  entered  In  Block  20,  II  dl  Heron  t  from  Report) 

IB.  SUPPLEMENTARY  NOTES 

This  is  one  of  ten  reports 

19.  KEY  WORDS  (Continue  on  aide  it  n«c««*«r  end  Identity  by  block  number) 

Flood  control 

Urban  planning 

20k  AM  TRACT  (Tiiififciii  me  rewerem  at*  ft  nmmmmmy  end  Identity  by  block  number) 

,^''Flood  control  studies  showed  that  the  East  Grand  Forks  levee  project 
authorized  in  1953,  but  not  constructed,  still  was  economically  feasible 
and  recommended  further  study  under  the  Corps'  postauthorization  program. 
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^ponding  areas  to  temporarily  store  runoff  to  limit  peak  discharges,  to  those 
that  occur  under  existing  land  conditions. 

Becuase  the  flood  control  investigation  was  transferred  from  the  urban 
study  to  the  Section  205  authority,  a  detailed  environmental  impact  assessment 
and  pQSsibil|$r  an  EIS  were  also  deferred.  Similarly,  the  Corps  developed 
the  urban  drainage  master  plan  for  Grand  Forks  as  a  planning  service  * 
and'-Jjnple^nentation  of  the  plan,jft¥e  the  prerogatives  of  the  city  and  do 
not  involve  the  Corps. 
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PREFACE 


The  Corps  of  Engineers  Urban  Study  Program  is  aimed  at  providing  plan¬ 
ning  assistance  to  local  interests  in  a  variety  of  water  resource  and  related 
land  resource  areas,  including  water  supply,  wastewater  management,  flood 
control,  navigation,  shoreline  erosion,  and  recreation.  In  areas  of  tradi¬ 
tional  Corps  responsibility  (such  as  flood  control),  the  Corps  may  implement 
and  construct  projects  shown  feasible  in  the  urban  study.  In  other  areas 
(such  as  wastewater  management).  Corps  involvement  carries  only  through  the 
planning  stage;  findings  are  turned  over  to  local  interests  for  incorporation 
into  their  broad  urban  comprehensive  planning  effort.  Implementation  is  at 
the  discretion  of  local  interests  in  conjunction  with  appropriate  State  and 
Federal  agencies. 

The  St.  Paul  District,  Corps  of  Engineers,  conducted  the  Grand  Forks- 
East  Grand  Forks  (GF/EGF)  Urban  Water  Resources  Study,  which  was  a  coopera¬ 
tive  effort  between  local.  State  and  Federal  agencies.  The  GF/EGF  urban 
study  spanned  a  time  of  transition  in  the  Corps'  urban  study  program.  In 
mid-1978,  directives  were  issued  deleting  the  third  and  last  stage  of  urban 
studies.  At  that  time,  the  second  stage  of  the  GF/EGF  urban  study  was 
nearing  completion,  but  commitments  for  stage  3  studies  had  been  made  to 
local  interests  and  involved  State  and  Federal  agencies.  Therefore,  the 
GF/EGF  urban  study  was  allowed  to  proceed  to  stage  3. 


During  the  first  stage,  the  14-township  study  area  was  selected, 
broad  topical  problems  to  be  addressed  (water  supply,  wastewater  management, 
and  flood  control)  were  identified,  and  a  "plan  of  study"  was  developed. 

The  plan  of  study  outlined  the  genera]  approach  the  study  would  follow. 

During  stage  2,  the  topical  problems  were  broken  down  into  explicit  problem 
areas.  Investigators  formulated  a  broad  array  of  alternatives  to  resolve 
the  study  area's  problems.  The  alternatives  were  evaluated  to  eliminate 
those  which  were  not  suitable  or  cost  effective.  The  stage  3  study  examined 
in  detail  those  alternatives  that  passed  the  stage  2  screening.  Alternatives 
were  reassessed  to  determine  their  respective  cost  effectiveness  and  eftviron- 
mental/social  impacts. 
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This  particular  document  is  1  of  11  constituting  the  GF/EGF  urban 
study  report: 

Summary  Report 

Background  Information  Appendix 

Plan  Formulation  Appendix 

Water  Supply  Appendix 

Wastewater  Management  Appendix 

Flood  Control  and  Urban  Drainage  Appendix 

Flood  Emergency  Plan  for  Grand  Forks,  North  Dakota 

City  of  East  Grand  Forks,  Minnesota,  Civil  Defense  Flood  Fight  Plan 
Energy  Conservation  and  Recreation  Appendix 
Public  Involvement  Appendix 
Comments  Appendix 

This  appendix  includes: 

1.  Stage  2  report 

•  East  Grand  Forks  floodplain  management 

•  Grand  Forks  floodplain  management 

•  Grand  Forks  urban  drainage 

2.  Stage  3  report 

•  Grand  Forks  flood  control 

•  Grand  Forks  urban  drainage 

The  stage  2  and  stage  3  reports  have  been  combined  to  provide  the 
reader  with  a  complete  sequential  picture  of  the  entire  flood  control 
study  effort  throughout  the  urban  study.  The  reader  may  encounter  repeti¬ 
tious  or  apparently  contradictory  materials.  Such  cases  reflect  the 
iterative  analytical  process  which  relied  on  an  evolving  data  base. 

Stage  2  studies  showed  that  the  East  Grand  Forks  levee  project 
authorized  in  1953  but  not  constructed  still  was  economically  feasible 
using  the  originally  authorized  interest  rate.  It  was  recommended  that 
the  East  Grand  Forks  flood  situation  be  studied  further  under  the  Corps' 
Phase  I  General  Design  Memorandum  program,  rather  than  continuing  as  part 
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of  the  urban  study.  In  October  1979,  the  recommended  study  was  initiated. 

It  is  currently  scheduled  to  end  in  April  1984. 

Stage  2  studies  also  screened  an  array  of  flood  control  measures  aimed 
at  protecting  Grand  Forks  or  both  cities.  Measures  that  were  not  technically 
and  economically  feasible  were  eliminated;  those  deserving  more  detailed 
consideration  in  stage  3  were  identified.  In  addition.  Grand  Forks'  urban 
runoff  problems  were  discussed  and  preliminary  assessments  were  made  of  the 
potential  of  basic  urban  drainage  systems. 

The  stage  3  flood  control  study  focused  on  seven  structural  and  non- 
structural  plans  designed  to  protect  local  areas  within  Grand  Forks  and  one 
structural  plan  that  would  protect  both  Grand  Forks  and  East  Grand  Forks. 
Three  of  the  nonstructural  plans  warranted  serious  consideration  and  had 
first  costs  low  enough  to  qualify  for  further  study  and  possible  implemen¬ 
tation  under  the  Corps'  Small  Projects  Continuing  Authority  (Section  205 
of  the  1948  Flood  Control  Act,  as  amended).  The  Section  205  authority 
offers  the  advantage  of  quicker  implementation  than  the  Corps'  usual  survey 
investigation  which  requires  specific  congressional  authorization  and  ’ 

fund ing . 

In  stage  3,  the  continuing  urban  runoff  investigation  culminated  in 
publication  of  an  urban  drainage  master  plan  for  the  developing  fringe  areas 
around  Grand  Forks.  The  recommended  plan  would  require  future  developments 
to  incorporate  ponding  areas  to  temporarily  store  runoff  and  limit  peak 
discharges  to  those  that  occur  under  existing  land  use  conditions. 

Because  the  flood  control  investigation  was  transferred  from  the 
urban  study  to  the  Section  205  authority,  a  detailed  environmental  impact 
assessment  and,  possibly,  an  environmental  impact  statement  were  also  de¬ 
ferred.  Similarly,  the  Corps  developed  the  urban  drainage  master  plan  for 
Grand  Forks  as  a  planning  service;  adoption  and  implementation  of  the  plan 
are  the  prerogatives  of  the  city  and  do  not  involve  the  Corps.  Therefore, 


The  impact  assessment  discussion  in  this  appendix  should  not  be  con¬ 
sidered  a  definitive  or  final  environmental/social  impact  evaluation  of 
the  alternatives  and  recommended  plans.  However,  the  discussion  indicates 
areas  of  special  concern  that  may  require  further  study.  Agencies  in¬ 
volved  in  implementing  any  of  the  alternatives  should  comply  with  applica¬ 
ble  requirements  of  the  National  Environmental  Policy  Act  of  1969  (Public 
Law  91-190)  and  subsequent  legislation. 

The  St.  Paul  District  has  completed  a  cultural  resources  literature 
search,  records  review,  and  reconnaissance-level  survey  of  the  area. 
Thirty-three  historic  and  prehistoric  sites  were  identified  within  the 
cities'  limits.  These  sites  should  be  considered  during  implementation, 
and  project  plans  should  be  coordinated  with  the  North  Dakota  and  Minne¬ 
sota  State  Historic  Preservation  Offices.  Additional  cultural  resource 
surveys  may  be  needed  prior  to  construction. 

Recreational  opportunities  and  impacts  on  existing  facilities  should 
be  considered  in  any  implementation  plans;  for  instance,  trail  systems 
might  follow  project  rights-of-way. 
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STAGE  2  FLOODPLAIN  MANAGEMENT  STUDIES 
AT  EAST  GRAND  FORKS,  MINNESOTA 


STUDY  AUTHORIZATION  AND  PURPOSE 

The  Grand  Forks-East  Grand  Forks  Urban  Water  Resources  Study  was  an 
interim  study,  a  part  of  the  overall  Red  River  of  the  North  Basin  Study 
which  was  authorized  by  a  resolution  of  the  Committee  on  Public  Works, 
United  States  Senate,  93d  Congress,  2d  Session,  adopted  on  30  September 
1974  at  the  request  of  Senator  Quentin  N.  Burdick  of  North  Dakota.  The 
principal  purpose  of  the  urban  study's  investigation  of  flood  damage  re¬ 
duction  measures  at  East  Grand  Forks,  Minnesota,  was  to  review  the  ade¬ 
quacy  and  economic  feasibility  of  a  flood  protection  project  authorized 
in  the  1950's,  but  whose  construction  was  deferred  pending  a  satisfactory 
local  cooperation  agreement. 

The  authorized  project  evolved  from  basin  studies  conducted  under  the 
Flood  Control  Act  approved  30  June  1948.  The  Flood  Control  Act  approved 
17  May  1950  authorized  completion  of  plans  developed  in  accordance  with 
the  1948  Flood  Control  Act.  The  Definite  Project  Report  on  Red  River  of 
the  North  at  Grand  Forks,  North  Dakota-East  Grand  Forks,  Minnesota,  com¬ 
pleted  in  May  1953,  contained  detailed  designs  for  the  Lincoln  Park  levee/ 
floodwall  project  in  Grand  Forks,  North  Dakota  (which  was  completed  in 
1958),  and  the  East  Grand  Forks  levee/f loodwall  project. 

Construction  of  the  East  Grand  Forks  project  was  not  initiated  because 
no  sponsor  was  willing  to  provide  the  necessary  assurances  of  local  cooper¬ 
ation.  The  authorizing  acts  provided  that  authorization  would  expire 
5  years  after  the  date  on  which  local  interests  were  notified  in  writing 
of  the  requirements  of  local  cooperation,  unless  within  that  time  satis¬ 
factory  assurances  of  cooperation  were  furnished.  Local  interests  were 
advised  formally  of  the  cooperation  requirements  in  1956  and  the  project 
was  deauthorized  in  1961  when  the  5-year  limitation  was  exceeded  without 
action  by  the  community.  With  the  recurrence  of  serious  flood  threats  in 
1965,  1966,  and  1969  and  in  view  of  changed  financial  conditions,  the  city 
indicated  a  desire  to  reactivate  the  project.  The  Flood  Control  Act 
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approved  31  Deceiver  1970  extended  the  expiration  date  of  the  original  auth¬ 
orization  until  1975  to  allow  local  interests  time  to  furnish  the  necessary 
assurances.  East  Grand  Forks  provided  a  satisfactory  local  cooperation 
agreement  in  1975. 

The  Grand  Forks-East  Grand  Forks  urban  study  reevaluated  East  Grand 
Forks'  authorized  project  to  assess  the  relative  merits  of  initiating  a  major 
reformulation  effort  under  the  Corps'  postauthorization  authority.  In  addi¬ 
tion,  the  urban  study  considered  the  feasibility  of  flood  barriers  for  areas 
north  and  south  of  the  authorized  project  which  have  experienced  extensive 
development  since  the  1953  report.  The  urban  study's  analyses  were  conducted 
by  Wehrman,  Chapman  Associates,  Inc.,  under  contract  and  were  based  princi¬ 
pally  on  existing  information  supplemented  by  a  field  inspection  and  discus¬ 
sions  with  East  Grand  Forks  city  officials. 

PROBLEMS  AND  NEEDS (1) 

East  Grand  Forks  is  located  at  the  confluence  of  the  Red  River  of  the 
North  and  Red  Lake  River  (Red  River  mile  298.0).  Situated  on  the  flat  bed 
of  former  glacial  Lake  Agassiz,  the  city  is  subject  to  frequent  flooding 
from  both  rivers.  Flooding  begins  at  a  Red  River  stage  of  28  feet  (eleva¬ 
tion  806.35  at  the  USGS  (U.S.  Geological  Survey)  gage,  mile  295.7).  Flood 
damages  begin  at  a  corresponding  river  stage  of  35.6  feet  (gage  elevation 
of  813.95  and  discharge  of  27,000  cfs  (cubic  feet  per  second)).  The  corres¬ 
ponding  1-percent  change  flood  stage  would  be  50,8  feet  with  a  maximum 
discharge  of  89,000  cfs.  The  record  flood  of  1897  reached  a  stage  of  49.3 
feet  with  a  maximum  flow  of  80,000  cfs. 


A  large  part  of  the  urbanized  area  is  subject  to  either  direct  (sur¬ 
face  water)  or  indirect  (sewer  backup,  etc.)  flooding.  Approximately 
1,000  structures  would  be  subject  to  direct  flooding  from  the  100-year 
flood.  Similarly,  about  600  structures  would  be  affected  by  indirect 
flooding.  Major  disasters  were  averted  in  the  city  during  the  1965, 

(1)  The  stage-discharge,  frequency-discharge,  and  historic  flood  data 
cited  in  this  stage  2  report  were  revised  later  in  the  urban  study. 
Differences  between  these  and  later  data  reflect  Corps  efforts  to  refine 
the  hydrologic  and  hydraulic  data  base.  The  stage  2  data  are  reprinted 
here  to  allow  the  reader  to  follow  the  original  decision-making  process. 
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1966,  and  1969  spring  floods  through  massive  flood  fight  efforts  including 
construction  of  emergency  levee  works.  Without  these  measures,  flood  dam¬ 
ages  would  have  been  about  $2  million  in  1965  and  $2.4  million  in  1966  and 
1969.  The  recent  1975  summer  flood  resulted  in  damages  of  about  $691,000 
(January  1976  price  levels).  This  figure  included  damage  to  residential, 
commercial,  industrial,  and  public  property;  flood  fight  costs;  and  clean¬ 
up  of  city  parks  and  other  facilities.  Under  present  conditions  and  prices, 
a  recurrence  of  a  flood  similar  to  the  record  1897  flood  would  result  in 
damages  of  about  $8,000,000. 

The  authorized  project  for  East  Grand  Forks  would  protect  about  50 
percent  of  the  developed  area.  However,  continued  urban  expansion  in  the 
northern  and  southern  portions  of  the  city  has  greatly  increased  the  flood 
damage  potential.  A  mid-1975  survey  of  these  unprotected  areas  indicated 
a  total  damage  potential  of  about  $734,000  (January  1976  price  levels)  to 
88  residences  if  a  1-percent  chance  flood  were  to  occur. 

The  highly  developed  central  part  of  the  city  has  a  limited  and  un¬ 
certain  measure  of  flood  protection  provided  by  an  emergency  levee  system 
(see  figure  1  and  following  photo).  This  system  consists  of  emergency 
levees  generally  following  the  alignment  of  the  authorized  project.  How¬ 
ever,  these  levees  were  built  in  haste  before  or  during  past  flood  emer¬ 
gencies  and  as  such  were  not  built  in  accordance  with  Corps  design  criteria 
and  construction  procedures.  In  the  event  of  a  major  flood,  these  levees 
are  susceptible  to  failure  and  thus  offer  city  residents  a  false  sense  of 
security.  Assuming  appropriate  closures  and  no  structural  failures,  these 
levees  with  3  feet  of  freeboard  would  protect  against  the  25-year  flood  and 
reduce  total  potential  flood  damages  by  only  40  percent  with  remaining 
average  annual  economic  flood  losses  estimated  at  $394,000.  Further,  the 
interior  drainage  features  for  this  existing  system  are  grossly  inadequate. 
Substantial  emergency  pumping  of  seepage  waters  and  trapped  rainfall  run¬ 
off  has  been  and  will  continue  to  be  required  with  the  present  levee  system 
during  floods. 
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East  Grand  Fork 


FIGURE  1 


Minnesota 


Emergency  levee  in  East  Grand  Forks 

A  more  serious  problem  affecting  the  provision  of  structural  flood 
control  measures  for  the  city  is  the  verv  unstable  condition  of  the  river- 
bank.  A  weak  layer  of  lacustrine  deposits  deposited  during  the  glacial 
Lake  Agassiz  period  is  present  at  a  depth  of  roughly  50  feet  throughout 
the  area.  This  layer  is  about  30  feet  thick  in  areas  undisturbed  by  subse¬ 
quent  river  erosion.  In  other  areas,  this  layer  has  been  completely  replaced 
with  fluvial  deposits.  Levees  or  other  structures  constructed  in  areas  of 
undisturbed  weak  lacustrine  deposits  have  resulted  in  severe  slides.  A 
damaging  slide  undergoing  continual  movement  is  located  on  the  existing 
city  levee  just  north  of  Sixth  Avenue  NW  (figure  1).  This  slide  has  re¬ 
sulted  in  subsidence  of  the  levee  and  damage  to  adjacent  yards  and  resi¬ 
dences.  Another  slide  area  showing  continual  slow  movement  is  located  in 
a  parking  lot  just  downstream  of  Demers  Avenue.  Thus,  any  contemplated 
raise  or  reconstruction  of  the  existing  emergency  levees  must  be  supported 
by  detailed  foundation  studies. 


East  Grand  Forks  has  entered  the  regular  phase  of  the  FIA  (Federal 
Insurance  Administration)  flood  insurance  program.  Ordinances  to  fully 
implement  this  program  were  adopted  on  23  September  1977.  However,  local 
officials  strongly  believe  that  the  Flood  Hazard  Boundary  Map  provided  by 
the  FIA  is  inaccurate  in  that  it  includes  several  areas  which  they  believe 
are  clearly  not  subject  to  either  direct  or  indirect  flooding  or  loss  of 
access  during  major  floods. 

From  the  foregoing  discussion,  it  is  clear  that,  even  with  the  emer¬ 
gency  levee  system.  East  Grand  Forks  remains  subject  to  major  economic 
losses,  threats  to  public  health  and  safety,  and  possible  loss  of  life. 
Measures  are  needed  to  upgrade  the  level  of  protection,  at  least  to  be 
commensurate  with  existing  local  floodplain  and  flood  insurance  programs. 

REEVALUATION  OF  AUTHORIZED  PROJECT 

As  discussed  in  the  preceding  paragraphs,  the  existing  emergency 
levee  system  is  inadequate  in  construction,  height,  and  possibly  in  extent 
The  authorized  project  (plan  A  on  figure  2)  would  provide  for  raising  and 
widening  of  7,600  lineal  feet  of  existing  levee,  1,500  feet  of  concrete 
floodwall  from  between  Seventh  and  Eighth  Avenues  NW  to  about  Third  Avenue 
NW,  interior  drainage  works,  a  ramp  over  the  levee  at  River  Road  NW,  and 
necessary  utility  relocations.  Plan  A  would  protect  against  a  peak  flood 
stage  1  foot  higher  than  the  1897  flood  level  which  had  a  stage  of  49.3 
(1.6-percent  chance  flood  and  Q=80,000  cfs).  Total  Federal  and  non-Federa 
first  costs  for  this  plan  are  estimated  at  $6,858,000  and  $479,000, 
respectively,  based  on  October  1977  price  levels.  Corresponding  annual 
charges  at  3  1/4-  and  6  5/8-percent  interest  rates  and  a  100-vear  economic 
life  are  shown  in  table  1.  A  detailed  estimate  of  first  costs  for  the 
authorized  plan  is  included  as  Attachment  A.  Related  average  annual  bene¬ 
fits  of  $316,000  are  shown  in  table  2,  which  indicates  that  plan  A  is 
economically  feasible  at  a  3  1 /4-percent  interest  rate  with  a  benefit- 
cost  ratio  of  1.2  based  on  existing  condition  damages  only,  i.e.,  no  projec¬ 
ted  future  growth  damages.  At  a  6  5/8-percent  interest  rate,  the  corres¬ 
ponding  benefit-cost  ratio  without  future  growth  damages  would  be  0.6. 
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Imm  ' 


Authorized 
Project 
(Plan  A) 


Table  1  -  Summary  of  estimated  costs 


FORMULATION  OF  MODIFIED  AUTHORIZED  PLAN 


Field  observations  made  during  this  study  indicated  that  the  6th  Avenue 
NVJ  slide  area  was  still  moving  and  that  realignment  of  the  authorized  proj¬ 
ect  between  6th  and  10th  Avenues  NW  was  impractical  without  the  relocation 
of  several  garages  and  near  complete  loss  of  all  (23)  backyards  in  this 
area.  Replacement  of  the  authorized  levee  along  this  reach  with  a  concrete 
floodwall  just  riverward  of  First  Street  NW  appears  more  practical.  Al¬ 
though  requiring  the  purchase  by  the  city  of  23  generally  well-maintained 
homes  at  a  total  cost  of  about  $1.2  million,  this  modification  would  most 
likely  avoid  the  unstable  foundation  conditions.  Revised  total  first  costs 
and  annual  costs  for  this  modified  authorized  plan  (plan  B  on  figure  3)  are 
given  in  table  1.  This  plan  would  not  be  economically  feasible  at  the  3  1/4- 
percent  interest  rate  based  on  present  condition  benefits  (as  indicated  by 
the  0.9  benefit-cost  ratio  shown  in  table  2).  However,  benefits  attributable 
to  reduction  of  damages  to  future  growth  (reflecting  damage  reductions 
accomplished  through  effective  floodplain  management  and  remaining  damages 
to  roads  and  utilities)  would  result  in  a  benefit-cost  ratio  of  around 
unity  at  the  J  1/4-percent  rat«.  .  i,u.%  modified  plan  would  not  be.  economi¬ 

cally  feasible  at  the  6  5/8-percent  interest  rate  as  indicated  by' a  0.4  bene¬ 
fit-cost  ratio  (present  condition  benefits  only). 

Table  2  -  Estimate  of  benefits 


Plan 

Total 
average 
annual . 
damages'  ' 

Average 

annual 

costs 
(3  1/4%) 

Average 

annual 

costs 
(6  5/8%) 

Average 

annual 

benefits 

Benefit-cost 

ratio 

3  1/4%  6  5/8% 

Authorized 

$656,000 

$270,600 

$530,000 

$316,000 

1  .2 

0.6 

Mod  if ied -authorized 

656,000 

363,500 

716,200 

316,000 

0.9 

0.4 

100-year  protection 

656,000 

378,900 

747,000 

422,000 

1.1 

0.6 

(1)  Floodplain  area  behind  existing  city  levee  system  only. 

(2)  Present  conditions  only  -  no  benefits  attributable  to  damages  to 


future  growth. 


UPGRADING  MODIFIED  AUTHORIZED  PLAN  TO  A 
I-PERCENT  LEVEL  OF  PROTECTION 


The  height  of  the  authorized  flood  barriers  would  have  to  be  raised 
about  1.6  feet  and  lengthened  a  total  of  about  1,200  feet  (plan  C  on  figure 
3)  to  protect  against  a  1-percent  chance  flood.  Minor  changes  to  proposed 
interior  drainage  works  would  be  necessary  to  adjust  for  a  slight  increase 
in  contributing  drainage  area  (4.6  acres).  Federal  and  non-Federal  1 irst 
costs  to  upgrade  the  authorized  project  (including  substitution  of  1,500 
feet  of  floodwall  in  lieu  of  levee  between  6th  and  11th  Avenues  NW  (see 
figure  3))  are  estimated  at  $8,173,300  and  $2,287,700,  respectively,  as 
shown  in  table  1.  Also  shown  are  related  Federal  and  non-Federal  annual 
costs  of  $284,600  and  $94,300,  respectively,  at  a  3  1/4-percent  interest 
rate.  Average  annual  benefits  of  $422,000  (October  1977  price  levels  and 
present  conditions  only)  result  in  a  benefit-cost  ratio  of  1.1  at  the  3  1/4- 
percent  interest  rate.  However,  with  present  condition  benefits  only  and 
a  6  5/8-percent  interest  rate,  the  considered  upgrading  would  not  be  econo¬ 
mically  feasible  as  indicated  by  a  0.6  benefit-cost  ratio. 

IMPACTS  ot-  AUTHORIZED  PLAN 


The  authorized  plan  would  require  the  initial  expenditure  of  $6,858,000 
and  $479,000  by  the  Federal  Government  and  local  interests,  respectively, 
exclusive  of  interest  during  construction.  In  addition,  local  interests 
would  bear  annual  operation,  maintenance,  and  major  equipment  replacement 
costs  of  about  $15,000  (based  on  a  3  1 /4-percent  interest  rate).  The 
modified  version  of  this  plan  would  increase  Federal  first  costs  to  $7,809,000 
and  sharply  increase  local  costs  to  about  $2,240,000.  However,  the  modi¬ 
fied  plan  is  considered  to  represent  the  most  technically  feasible  approach 
on  the  basis  of  adverse  local  riverbank  conditions  and  current  design 
criteria.  Both  plans  would  reduce  total  flood  damages  in  the  central  part 
of  the  city  from  $656,000  to  about  $340,000,  a  reduction  of  about  48  per¬ 


il 


The  principal  environmental  impacts  would  be  the  removal  of  40  to  50 
large  trees  with  associated  loss  of  songbird  and  squirrel  habitat.  The 
flood  barriers  would  be  located  away  from  the  wooded  riverbanks,  so  little 
effect  on  these  areas  is  anticipated.  Little  change  in  aesthetic  condi¬ 
tions  is  expected  because  flood  barrier  heights  would  not  be  changed  sign- 
if icantly . 

Social  well-being  impacts  would  include  a  marked  increase  in  public 
health  and  safety  because  flooding  would  be  reduced  in  the  developed  area. 

A  significant  adverse  effect  with  the  modified  plan  would  be  the  removal 
and  relocation  of  23  families  from  the  revised  alignment.  Although  expected 
relocation  assistance  payments  would  offset  moving  costs,  the  purchase  of 
similar  suitable  dwellings  would  be  subject  to  local  housing  market  con¬ 
ditions  at  that  time. 

IMPACTS  OF  UPGRADED  100-YEAR  PLAN 

This  plan  would  require  Federal  and  non-Federal  first  costs  of  $8,173,300 
and  $2,287,700,  respectively.  Local  operation,  maintenance,  and  replacement 
costs  would  be  $14,700  annually.  Average  annual  damages  within  the  protected 
area  would  be  reduced  about  64  percent  to  an  estimated  $234,000. 

Environmental  impacts  would  be  essentially  the  same  as  for  the  auth¬ 
orized  plan  except  for  the  slightly  greater  aesthetic  losses  of  the  1.6-foot 
higher  flood  barrier.  Social-well  being  effects,  including  sharply  reduced 
incidence  of  flooding  and  the  adverse  relocation  impacts,  would  be  nearly 
the  same  as  with  the  authorized  plan.  An  additional  53  flood-prone  struc¬ 
tures  would  be  protected. 

OTHER  AREAS  REQUIRING  FLOOD  DAMAGE  RELIEF 

Recent  field  observations  and  field  flood  damage  surveys  indicate 
that  two  developing  areas  outside  the  authorized  levee/f loodwall  project 
need  consideration  for  flood  protection.  The  northern  area  located 
between  the  downstream  end  of  the  existing  levee  system  and  the  north 
city  limits  (figure  1)  includes  about  390  residences  and  10  other 
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(commercial,  industrial,  etc.)  structures  within  the  100-year  floodplain. 
The  southern  area  located  south  and  east  of  the  confluence  of  the  Red  and 
Red  Lake  Rivers  (figure  1)  includes  34  homes  and  1  other  structure  in  the 
100-year  floodplain.  Total  average  annual  flood  damages  for  these  reaches 
are  estimated  at  $44,000  and  $165,000  (both  October  1977  price  levels), 
respectively.  Rapid  residential  development  is  continuing  in  the  southern 
area.  However,  enforcement  of  local  floodplain  regulations,  recently  modi¬ 
fied  (23  September  1977)  in  accordance  with  FIA  flood  insurance  regulations 
should  markedly  reduce  the  flood  damage  potential  to  future  development. 

A  very  preliminary  review  of  both  areas  indicates  that  flood  barriers 
(including  levees,  road  raises,  and/or  floodwalls  together  with  attendant 
interior  drainage  measures,  closure  structures,  and  relocation)  could  re¬ 
duce  flood  damages.  Considered  structural  improvements  for  the  northern 
area  (plan  D  on  figure  3)  wu..d  ini  iude  1,800  lineal  feet  of  road  raise 
(with  an  average  height  of  1'  "  feet)  and  2,800  feet  of  levee  (with  an 
average  height  of  9.5  feu)  together  with  needed  interior  drainage  works 
to  protect  against  a  1-percent  flood.  Estimated  Federal  and  non-Federal 
first  costs  would  be  $?,30o,000  an^  000,  respectively.  A  comparison 

of  annual  costs  of  $117,200  (at  a  6  5/8-percent  interest  rate)  with  re¬ 
lated  annual  benefits  (present  condition  benefits  only)  of  $29,000  indicate 
an  unfavorable  benefit-cost  ratio  of  0.2. 

Considered  structural  measures  to  protect  the  southern  area  against 
a  1-percent  flood  (plan  E  on  figure  3)  would  include  8,000  lineal  feet  of 
levee  (with  an  average  height  of  10.5  feet),  1,400  feet  of  concrete  flood- 
wall  (with  an  average  height  of  10.4  feet),  and  three  segments  of  road 
raise  (with  an  average  height  of  3.5  feet)  totalling  3,100  lineal  feet. 

Also  included  would  be  two  closures,  necessary  utility  relocations,  and 
interior  drainage  works.  Estimated  Federal  and  non-Federal  first  costs 
would  be  $5,766,000  and  $398,000,  respectively.  Annual  costs  of  $421,800 
(at  a  6  5/8-percent  interest  rate)  and  average  annual  benefits  of  $122,000 
yield  a  benefit-cost  ratio  of  0.3. 


From  the  foregoing  analyses  based  on  present  condition  benefits  only, 
structural  flood  damage  reduction  measures  do  not  appear  economically  fea¬ 
sible  for  these  two  areas.  Nonstructural  measures  such  as  zoning  regula¬ 
tions,  land  use  regulations,  and  other  regulatory  measures  supplemented  by 
emergency  relief  measures  should  be  considered  in  postauthorization  studies. 

SUMMARY  AND  RECOMMENDATIONS 

Existing  emergency  levees  in  East  Grand  Forks  do  not  provide  adequate 
or  dependable  flood  protection.  The  city  remains  subject  to  major  economic 
losses,  threats  to  public  health  and  safety,  and  possible  loss  of  life. 
Consideration  must  be  given  to  upgrading  the  emergency  levees  to  provide 
properly  designed  and  constructed  flood  protection  commensurate  with  local 
floodplain  and  flood  insurance  programs. 

The  stage  2  studies  showed  the  authorized  plan  A  (67-vear  level  of 
protection)  and  the  modified  authorized  plan  C  (100-year)  to  be  economically 
feasible  at  the  authorized  3  1/4-percent  interest  rate.  The  modified 
authorized  plan  C  (100-year)  is  considered  to  represent  the  more  techni¬ 
cally  feasible  plan  on  the  basis  of  current  design  criteria  and  poor  soil 
stability  along  the  authorized  alignment  and  is  recommended  for  further 
analysis  during  postauthorization  studies.  Flood  protection  for  new 
development  areas  north  and  south  of  the  authorized  plan  is  not  economi¬ 
cally  feasible;  further  consideration  of  these  areas  during  postauthoriza¬ 
tion  studies  is  not  recommended.  The  postauthorization  studies  might  also 
consider  nonstructural  measures,  such  as  zoning  regulations,  land  use 
regulation,  and  other  regulatory  measures  supplemented  by  emergency  relief 
measures . 

The  seriousness  of  the  flood  threat  to  East  Grand  Forks  is  unquestioned 
as  are  the  inadequacies  of  the  existing  emergency  levee  system.  Further¬ 
more,  the  prospects  for  permanent  flood  protection  as  an  outcome  of  post¬ 
authorization  studies  are  uncertain.  Even  if  feasibility  is  shown,  several 
years  might  pass  before  studies  and  plans  and  specifications  are  completed, 
construction  is  authorized,  and  funds  are  appropriated.  Therefore,  for  at 


least  several  years  and  perhaps  the  foreseeable  future,  the  city  will  con¬ 
tinue  to  rely  on  emergency  flood  fighting.  Therefore,  it  is  recommended 
that  a  flood  emergency  plan  of  action  be  developed  in  stage  3  of  the  urban 
study  to  help  the  city  use  its  flood  fighting  resources  in  the  most 
effective  manner  and  plan  for  possible  flood  emergency  situations  so  that 
the  response  is  quick  and  effective. 

If  a  permanent  levee  system  is  constructed,  the  plan  should  be  re¬ 
vised  accordingly.  Extreme  flood  events  from  extraordinary  combinations 
of  meteorological  and  antecedent  moisture  conditions  can  and  have  exceeded 
the  design  capability  of  permanent  flood  barriers  in  various  parts  of  the 
country.  Therefore,  the  city  should  update  the  plan  of  action,  upgrade 
the  permanent  flood  protection  if  needed,  and  evacuate  if  the  permanent 
protection  fails. 
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ATTACHMENT  A 
SUMMARY  COST  ESTIMATES 


Table  A-l  -  Summary  cost  estimates  of  alternatives 


ATTACHMENT  B 

DETAILED  COST  ESTIMATE  -  AUTHORIZED  PLAN 


ATTACHMENT  B 

DETAILED  COST  ESTIMATE  -  AUTHORIZED  PLAN 

This  estimate  represents  an  update  of  the  May  1966  Interim  Survey 
Report  for  Flood  Control  at  East  Grand  Forks.  The  revised  unit  costs  are 
based  on  October  1977  price  levels  and  reflect  prices  for  similar  work 
accomplished  recently  in  this  area.  The  detailed  estimate  of  cost  for 
the  authorized  local  protection  works  at  East  Grand  Forks  is  presented  in 
table  B-l . 


Table  B-l 


Item 


Detailed  cost  estimate  (October  1977  price  levels) 

Total 

Unit  estimated 

_ Unit _ Quantity _ cost _ cost  ~ 


Federal  first  cost 


Channels 


Red  River  of  the  North  and 
Red  Lake  River 


Clearing 

Contingencies,  20  percent 

Total  channels 

Ac 

30 

$1,000.00 

$30,000 

6,000 

36,000 

Levees  and  flood  walls 

Levees 

Clearing  and  grubbing 

Ac 

4 

1,200.00 

4,800 

Removal  of  existing  structures 

Job 

Sum 

37,000 

Stripping  embankment  foundation 

CY 

6,100 

1.20 

7,320 

Stripping  borrow  area 

CY 

35,000 

1.00 

55,000 

Excavation,  borrow 

CY 

149,000 

1.40 

208,600 

Embankment 

CY 

127,000 

.80 

101,600 

Gravel  road  surfacing 

CY 

260 

9.00 

2,340 

Topsoi  1 

CY 

12,700 

4.00 

50,800 

Seeding,  fertilizing,  mulching 

Ac 

16 

700.00 

11,200 

Relocate  and  add  gate  valves  to  4-inch 

water  mains  under  levee 

Contingencies  (20%) 

Total  levees 

Job 

Sum 

9,200 

97,540 

585,400 

B-l 
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Table  B-l 


Item 


Detailed  cost  estimate  (October  1977  price  levels)  (cont.i _ 

Total 

Unit  estimated 

_  Lfriit _ Quantity _ cost _ cost 


Federal  first  cost 


Levees  and  flood  walls  (cont. ) 
Flood  walls 


Clearing  and  grubbing 

Ac 

2 

$  1,200.00 

$  2,400 

Removal  of  existing  structures 

Job 

- 

90,000 

Excavation,  common 

CV 

5,520 

2.50 

13,800 

Excavation,  structure 

CY 

1,210 

6.00 

7,260 

Backfill,  compacted 

CY 

5,675 

6.50 

36,890 

Filing,  steel  sheet 

SF 

3,065 

10.00 

30,650 

Cement 

Bbl 

8,590 

14.00 

120,260 

Concrete,  cantilever  wall 

CY 

5,268 

160.00 

842,880 

Concrete,  gravity  wall 

CY 

480 

125.00 

60,000 

Steel  reinforcement 

Lb 

576,000 

.45 

259,200 

Rubber  watersfop 

LF 

4,500 

18.00 

81,000 

Topsoi  1 

CY 

1,140 

4.00 

4,560 

Seeding,  fertilizing,  mulching 

Ac 

1.4 

700.00 

840 

Relocate  250  lineal  feet  of  4-inch  water 
mains  in  area  of  floodwall,  add  gate 

valve  and  manhole 

Contingencies,  (20%) 

Total  flood  walls 

Job 

Sum 

8,000 

311,560 

1,869,300 

Closure  structure 

Aluminum  flood  barrier  at  DeMers  Ave. 
Contingencies,  (20%) 

Total  closure  structure 

Job 

Sum 

18,500 

3,700 

22,200 

Drainage  facilities 

Drainage  to  Third  Street  North 
pumping  station 

Stormwater  interceptor  line  "G" 

Catch  basin  -  1 

Job 

Sum 

- 

4,000 

27-inch  RC  pipe  (don  III) 

LF 

290 

42.00 

12,180 

Catch  bcein  -  2 

Job 

Sum 

6,000 

33-inch  RC  pipe  (class  III) 

LF 

175 

60.00 

10,500 

Manhole  A  with  21 -inch  sluice  gate 

Job 

Sum 

- 

12,000 

B-2 
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_ Table  B-l  -  Detailed  cost  estimate  (October  1977  price  levels)  (cont.) _ 

Total 

Uhit  estimated 

_ Item  _ Uhit _ Quantity _ cost _ cost 

Federal  first  cost 

Levees  and  flood  walls  (cont . ) 

Drainage  to  Third  Street  North 
pumping  station 


42-inch  RC  pipe  (calss  IV) 

LF 

765 

$90.00 

$  68,850 

Catch  basin  -  3 

Job 

Sum 

- 

6,000 

Catch  basin  -  4 

Job 

Sum 

- 

7,500 

Catch  basin  -  5 

Job 

Sum 

- 

10,000 

Stormwater  interceptor  line  "1" 

54-inch  RC  pipe  (class  IV) 

LF 

400 

120.00 

48,000 

Catch  basin  -  8 

Job 

Sum 

- 

8,000 

Manhole  -  3 

Job 

Sum 

- 

9,600 

42-inch  RC  pipe  (class  III) 

LF 

150 

80.00 

12,000 

Catch  basin  -  7 

Job 

Sum 

- 

6,500 

33-inch  RC  pipe  (class  III) 

LF 

250 

60.00 

15,000 

Catch  basin  -  6 

Job 

Sum 

- 

5,600 

27-inch  RC  pipe  (class  II) 

LF 

200 

42.00 

8,400 

Manhole  -  2 

Job 

Sum 

- 

3,100 

Outfall  "J"  21+25 

Manhole 

Job 

Sum 

- 

19,000 

42-inch  sluice  gate  with  hoist 

Ea 

1 

8,200.00 

8,200 

Gate  wall 

Job 

Sum 

- 

16,000 

84-inch  sluice  gate  with  hoist 

Ea 

1 

24,000.00 

24,000 

84-inch  CM  pipe 

LF 

200 

145.00 

29,000 

Diaphragms  for  84-inch  CMP 

Ea 

2 

2,600.00 

5,200 

Reed  wall 

Job 

Sum 

- 

14,000 

Sanitary  sewer  interceptor  line  "M" 

Manhole  -  1 

Job 

Sum 

- 

2,400 

12-inch  RC  pipe 

LF 

120 

30.00 

3,600 

Modify  sanitary  sewer  force  main  9+80 

Remove  and  replace  30-inch  force 

main  under  levee 

LF 

280 

210.00 

58,800 

Remove  manhole 

Job 

Sum 

- 

1,000 

Add  gate  well 

Job 

Sum 

- 

3,800 

30-inch  gate 

Job 

Sum 

- 

6,000 

Diaphragms  for  30-inch  pipe 

Ea 

3 

500.00 

1,500 

Modify  snaitary  sewer  at  11+80 

Remove  and  replace  18-inch  sewer 

line  under  levee 

LF 

275 

120.00 

33,000 

Remove  manhole 

Job 

Sum 

- 

2,500 

Add  gate  well 

Job 

Sum 

- 

6,000 

Diaphragms  for  18-inch  pipe 

Ea 

B-3 

3 

320.00 

960 

Tabte  B-l  -  Detailed  cost  estimate  (October  1977  price  levels)  (cont.) 


Item 


Unit 


Quantity 


Unit 

cost 


Total 

estimated 

cost 


federal  first  cost 

Levees  end  flood  walls  (cont.) 

Drainage  to  Third  Street  North 
pumping  station 


Remove  27-inch  RC  pipe  storm  sewer 


under  levee  12+25 

LF 

100 

$  40.00 

$  4,000 

Remove  21 -inch  RC  pipe  sanitary 

sewer  under  levee  1 4*05 

LF 

100 

40.00 

4,000 

Remove  12-inch  sanitary  sewer  under 

levee  20+25 

LF 

110 

32.00 

3,520 

Modify  storm  sewer  under  levee  26+00 

Remove  48- inch  pipe 

LF 

120 

26.00 

3,120 

Replace  with  48-inch  CM  pipe 

LF 

120 

85.00 

10,200 

Gate  well 

Job 

Sum 

- 

6,000 

48-inch  sluice  gate  with  hoist 

Ea 

1 

12,000.00 

12,000 

Diaphragms  for  48-inch  CMP 
Contingencies,  (20%) 

Ea 

3 

1,100.00 

3,300 

107,070 

Total  drainage  to  Third  Street  North 

pumping  station 

642,000 

Drainage  to  DeMers  Avenue  pumping 
station 

Storm  water  interceptor  lines  "K"  and 

II  ^ll 

Catch  basin  -  1 

Job 

Sum 

- 

4,400 

15- inch  RC  pipe 

LF 

95 

35.00 

3,330 

Manhole  -  1 

Job 

Sum 

- 

7,500 

24-inch  RC  pipe  (class  IV) 

LF 

190 

76.00 

14,440 

Catch  basin  -  2 

Job 

Sum 

- 

3,000 

30-inch  RC  pipe  (class  IV) 

LF 

240 

90.00 

21,600 

30- inch  RC  pipe  (class  IV)  jacked 

under  railroad 

LF 

75 

180.00 

13,500 

Manhole  -  2 

Job 

Sum 

- 

8,600 

Catch  basin  -  4 

Job 

Sum 

- 

7,000 

Catch  basin  -  5 

Job 

Sum 

- 

7,800 

Stormwater  interceptor  line  "H" 

48-inch  RC  pipe  (class  III) 

LF 

135 

92.00 

12,400 

Catch  basin  -  6 

Job 

Sum 

- 

7,200 

42-inch  RC  pipe  (class  III)  (connect 
to  existing  42-inch  CN  pipe  under 

DeMers  Ave.) 

LF 

40 

80.00 

3.200 

Tcble  B- 1  - 


Detailed  cost  estimate  (October  1977  price  levels)  (cont. ) 

-  - - Total 

Unit  estimated 

Unit  Quantity  cost  cost 


Federal  first  cost 


Levees  and  flood  walls  (cont.) 

Drainage  to  Demers  Avenue 
Pumping  Station  (cont.) 


L.. 


Catch  basin  -  7 

Job 

Sum 

- 

$5,600 

36-inch  RC  pipe  (class  III) 

LF 

820 

$  70.00 

57,400 

Catch  basin  -  8 

Job 

Sum 

- 

4,500 

Manhole  -  3 

Job 

Sum 

- 

6,500 

Manhole  -  4 

Job 

Sum 

- 

6,500 

Manhole  -  5 

Job 

Sum 

- 

7,200 

Catch  basin  -  9 

Job 

Sum 

- 

4,000 

Catch  basin  -  10 

Job 

Sum 

- 

4,200 

Manhole  -  6 

Job 

Sum 

- 

7,200 

Outfall  "O"  55+30 

Manhole 

Job 

Sum 

- 

16,000 

36-inch  sluice  gate  with  hoist 

Ea 

1 

7,500.00 

7,500 

Gate  wall 

Job 

Sum 

- 

16,000 

60-inch  sluice  gate  with  hoist 

Ea 

1 

16,000.00 

16,000 

60-inch  CM  pipe 

LF 

310 

120.00 

37,200 

Head  wall 

Job 

Sum 

- 

16,000 

Sanitary  sewer  interceptor  lines 
"T"  and  "M" 

Manhole  -  A 

Job 

Sum 

- 

6,300 

8-inch  VC  pipe 

LF 

190 

60.00 

11,400 

Manhole  -  8  with  gate 

Job 

Sum 

- 

9,200 

21-inch  VC  pipe 

LF 

350 

70.00 

24,500 

21 -inch  VC  pipe  in  30-inch  sleeve 

lacked  under  railroad 

LF 

75 

150.00 

11,250 

Manhole  -  C 

Job 

Sum 

- 

3,000 

Manhole  -  D 

Job 

Sum 

- 

3,000 

Manhole  -  E  with  gate 

Job 

Sum 

- 

10,000 

Manhole  -  F 

Job 

Sum 

- 

3,000 

Remove  20-inch  combined  sewer  under 

flood  wall  48+65 

LF 

40 

28.00 

1,120 

Remove  10-inch  sanitary  sewer  under 

flood  wall  50+80 

LF 

40 

35.00 

1,400 

Remove  8-inch  sanitcry  sewer  under 

flood  wall  51  +80 

LF 

40 

35.00 

1,400 

Add  mcnhole  -  1 1 

Job 

Sum 

- 

2,000 

Modify  sanitary  sewer  force  main 

52+60 

Remove  and  replace  16-inch  force 

main  under  flood  wall 

LF 

40 

100.00 

4,000 

. .  irr.ve  nnrttiri 
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Table  B-l  -  Detailed  cost  estimate  (October  1977  price  levels)  (cont.) 


Item 


Lfriit _ Quantity 


Unit 

cost 


Total 

estimated 

cost 


Federal  first  cost 

Levees  and  flood  walls  (cont.) 

Dra i noge  to  Demers  Avenue 
Pumping  Station  (cont . ) 


Sanitary  sewer  interceptor  lines 


"T"  aid  "M" 

Add  gate  well 

Job 

Sum 

_ 

$  5,000 

16- inch  gate 

Job 

Sum 

- 

3,600 

Remove  12-inch  sanitary  sewer  under 
flood  wall  53+45 

Remove  21 -inch  sanitary  sewer  under 

LF 

40 

$  36.00 

1,440 

flood  wall  56+50 

Remove  48-inch  storm  sewer  under 

LF 

40 

40.00 

1,600 

flood  wall  56+80 

Plug  24-inch  combined  sewer  in 

LF 

40 

60.00 

2,400 

Demers  Avenue  57+20 

Job 

Sum 

- 

4,000 

Remove  storm  sewer  under  levee  64+15 

LF 

110 

40.00 

4,400 

Contingencies,  (20%) 

91,620 

Total  drainage  to  DeMers  Avenue  pumping  station 

549,900 

Drainage  to  Fourth  Avenue  SE  pumping 

station 

Stormwater  interceptor  lines  "P"  and  "R 

II 

Ditch  excavation 

CY 

2.260 

3.75 

8,480 

36- inch  RC  pipe  (class  III) 

LF 

35 

60.0 

2,100 

End  section  for  36-inch  RCP 

Ea 

1 

200.00 

200 

24-inch  RC  pipe 

LF 

20 

48.00 

960 

Manhole 

Outfall  Q  86+10 

Job 

Sum 

3,600 

Mon  hole 

Job 

Sum 

- 

10,000 

36- inch  sluice  gate  with  hoist 

Ea 

2 

7,500.00 

15,000 

Gate  well 

Job 

Sum 

- 

18,000 

54-inch  sluice  gate  with  hoist 

Ea 

1 

14,000.00 

14,000 

18- inch  sluice  gate  with  hoist 

Ea 

1 

3,800.00 

3,800 

54-inch  CM  pipe 

LF 

310 

110.00 

34,100 

Diaphragms  for  54-inch  CMP 

Ea 

2 

1,500.00 

3,000 

Head  wall 

Sanitary  sewer  interceptor  lines 

Job 

Sum 

15,000 

Manhole  with  18-inch  gate 

Job 

Sum 

- 

7,600 

18-inch  VC  pipe 

LF 

15 

40.00 

600 

18-inch  Cl  pipe  (pressure  conduit) 

LF 

100 

85.00 

8,500 

e  % 
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_ Table  B-l  ~  Detailed  cost  estimate  (October  1977  price  levels) 

Unit 

Item _  l>iit _ Quantity _ cost 


(cont. ) _ 

Total 

estimated 

cost 


Federal  first  cost 

Levees  and  flood  walls  (cont.) 


Drainage  to  Fourth  Avenue  SE  pumping  station  (cont . ) 
Stormwater  interceptor  lines  "P  1  and  "R" 

Modify  sanitary  sewer  force  main 
Remove  and  replace  12-inch  force  main 


under  levee  85+70 

LF 

100 

$  75.00 

Gate  well  on  12-inch  force  main 

Job 

Sum 

- 

12- inch  gate 

Job 

Sum 

- 

Move  16-inch  force  main  along  levee 

LF 

600 

110.00 

Remove  and  replace  16- inch  force 

main  under  levee  72+30 

LF 

150 

120.00 

Gate  well  on  16-inch  force  main 

Job 

Sum 

- 

16- inch  gate 

Job 

Sum 

- 

Remove  18-inch  VCP  sanitary  sewer 

under  levee  86^20 

LF 

100 

20.00 

Remove  24-inch  RCP  storm  sewer  under 

levee  86+30 

LF 

100 

28.00 

Contingencies,  (20%) 

$  7,500 
8,500 
3,000 
66,000 

18,000 

4,000 

3,400 

2,000 

2,800 

52,060 


Total  drainage  to  Fourth  Avenue  SE  pumping  station 


312,200 


Total  drainage  facilities 
Total  levees  and  flood  walls 
Pumping  plants 

Third  Street  North  pumping  station 
(98,006  gpm) 

Pumphouse  including  mechanical 

end  electrical  equipment  Job  Sum 

Discharge  piping  over  levee  Job  Sum 

Contingencies,  (20%) 

Total  Third  Street  North  pumping 
station  (98,000  gpm) 


1,504,100 

3,981,000 


560,000 

30,000 

118,000 


708,000 


DeMers  Avenue  pumping  station 
(38,000  gpm) 

Pumphouse  including  mechanical  and 

electrical  equipment  Job  Sum 

Contingencies,  20  percent 


350,000 

70,000 


Total  DeMers  Avenue  pumping  station  (38,000  gpm) 


420,000 
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Table  B-l  - 

Detailed  cost  estimate  (October  1977  price 

levels) 

(cont.) 

Item 

Lfriit 

Quantity 

Otit 

cost 

Total 

estimated 

cost 

Federal  First  Cost 

Pumping  plants  (cont.) 

Fourth  Avenue  SE  pump 

>ing  station  (29,000  gpm) 

Pumphouse  including  mechanical  and  electrical 
equipment  Job 

Discahrge  piping  over  levee  Job 

Contingencies,  (20%) 

Sum 

Sum 

- 

$  330,000 
30,000 
72,000 

Total  Fourth  Avenue  SE  pumping  station  (29,000  gpm) 

432,000 

L  i  f t^fationNoI_2_52+10_Jsoniiar^j!ewer^i500_g£m ) 
Pumphouse  including  mechanical  and 


electrical  equipment 

Remove  existing  lift  station  No.  2 

Job 

Sum 

200,000 

from  flood  wall  area 

Job 

Sum 

- 

30,000 

Contingencies,  (20%) 

46,000 

Total  lift  station  No.  2 

276,000 

Total  pumping  plants 

1,836,000 

Engineering  end  design 

581,000 

Supervision  and  administration 

460,000 

Total  Federal  first  cost 

6,858,000 

Non-Federal  first  cost 

Lends  and  damages  including 
contingencies  and  acquisition  costs 

Job 

Sum 

- 

455,000 

Relocations 

Power  lines 

Job 

Sum 

- 

15,000 

Telephone  lines 

Job 

Sum 

- 

5,000 

Contingencies 

4,000 

Total  relocations 


24,000 


Total  non-Federal  first  cost 


479,000 


7,337,000 


Total  Federal  and  non-Federal  first  costs 
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STAGE  2  FLOODPLAIN  MANAGEMENT  STUDIES 
AT  GRAND  FORKS,  NORTH  DAKOTA 


RESOURCES  AND  ECONOMY 
OK  STUDY  AREA 


LOCATION  AND  EXTENT 


The  city  of  Grand  Forks,  North  Dakota,  is  located  along  the  left  bank 
of  the  Red  River  of  the  North  at  the  confluence  with  the  Red  Lake  River 
(Red  River  mile  298.0).  The  contributing  Red  River  of  the  North  drainage 
area  at  the  USGS  (U.S.  Geological  Survey)  stream  gage  (mile  295.7)  is 
30,100  square  miles  including  the  5,700-square  mile  Red  Lake  River  sub¬ 
basin  in  Minnesota.  At  Grand  Forks,  the  Red  River  is  about  200  feet  wide 
and  8  to  10  feet  deep  during  normal  summer  flows.  The  river  is  situated 
on  the  flat  bed  of  former  glacial  Lake  Agassiz;  topographic  relief  changes 
are  small  as  indicated  by  an  average  channel  bottom  slope  at  Grand  Forks 
of  about  0.5  foot  per  mile. 


The  Grand  Forks  study  area  for  flood  control  includes  the  immediate 
Red  River  of  the  North  floodplain  including  the  English  Coulee  floodplain 
between  the  south  and  north  city  limits.  To  aid  in  the  analyses  of  flood 
damage  reduction  needs,  the  study  area  was  separated  into  six  separate 
reaches  as  1  isted  below  and  shown  on  f igure  1  . 


Reach  1  -  South  city  limits  to  Almonte  Avenue.  This  reach  includes 
Grand  Forks'  Belmont  Coulee  and  Belmont  Road  areas  from 
the  southern  city  limits  to  near  the  upstream  end  of  the 
existing  Lincoln  Park  1 evee/ f 1 oodwal 1  project. 

Reach  2  -  Almonte  Avenue  to  Seventh  Avenue  South  extended.  This 
reach  covers  the  existing  Lincoln  Park  levee/f loodwal 1 
proj  ect . 

Reach  3  -  Seventh  Avenue  South  extended  to  Minnesota  Avenue.  This 
reach  includes  the  Central  Park  neighborhood  and  existing 
emergency  levee.  The  downstream  limit  coincides  with  the 
confluence  of  the  Red  and  Red  Lake  Rivers. 
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Reach  4  -  Minnesota  Avenue  to  Seventh  Avenue  North.  This  reach  in¬ 
cludes  tiie  downtown  business  district. 

Reach  5  -  Seventh  Avenue  North  to  Coulee  Drive.  This  reach  includes  the 
Riverside  Park  neighborhood  and  existing  emergency  levee. 

Reach  6  -  English  Coulee  floodplain  from  mouth  to  17th  Avenue  South. 

This  reach  covers  the  coulee  to  the  approximate  upstream 
limits  of  the  100-year  flood  outline  defined  by  the  Flood 
Insurance  Administration's  30  September  1977  Flood  Boundary 
and  Floodway  Map. 

ENVIRONMENTAL  SETTING  AND  NATURAL  RESOURCES 

The  Grand  Forks  study  area  is  located  along  the  fringe  of  the  Northern 
Floodplain  Forest  .mi!  treeless  prairie  ecosystems.  Typical  overstorv  in 
the  floodplain  forest  includes  basswood,  American  elm,  green  ash,  bur  oak, 
hackberry,  cottonwood,  and  box  elder.  Buckbush,  hawthorne,  gooseberry, 
hop  hornbeam,  and  prickly  ash  typify  the  understory.  Waterleaf,  wood 
nettle,  bedstraw,  and  columbine  are  the  most  common  ground  cover.  Much 
of  the  bottomland  area  subject  to  periodic  flooding  is  maintained  as  park 
or  open  space.  Strips  of  woodland  immediately  adjacent  to  the  river 
remain  relatively  undisturbed  mainly  because  of  their  high  flood  potential. 
Little  if  any  original  prairie  grasses  exist  on  the  upland  areas  as  a 
result  of  continued  urbanization.  Exotic  tree,  shrub,  and  ground  cover 
species  have  replaced  the  original  tall  and  medium  prairie  grass  species. 

Common  small  mammals  in  the  forested  floodplain  include  the  red 
squirrel,  Franklin  ground  squirrel,  woodchuck,  deer  mouse,  eastern 
meadow  mouse,  cottontail  rabbit,  and  snowshoe  hare.  Raccoon  and 
striped  skunk  are  also  abundant.  Several  species  of  mice,  moles,  chip¬ 
munks,  squirrels,  and  rabbits  are  the  most  common  mammals  found  in  the 
urbanized  residential  areas.  Because  turbidity  is  high,  only  the  very 
"hardy"  species  of  fish  such  as  minnows  and  carp  are  found  in  the  Red 
River  of  the  North  study  reach. 

Both  the  floodplain  forest  and  urban  residential  areas  support  a 
variety  of  birds.  Owls,  woodpeckers,  and  numerous  songbirds  (over 
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EXISTING  FLOOD  CONTROL 
IMPROVEMENTS 


FIGURE  1 


20  species)  are  found  in  the  wooded  floodplain.  Sparrows,  robins,  mourning 
doves,  thrashers,  and  warblers  frequent  wooded  urbanized  areas.  Pigeons 
are  a  common  nuisance  in  the  commercial-industrial  areas.  Few  if  any 
threatened  or  endangered  fauna  are  considered  to  inhabit  the  study  area. 
Possibly  found  in  the  study  area  on  an  occasional  basis  are  the  fisher 
(status  undetermined),  pileated  woodpecker  (special  interest),  mud  puppy 
(one  recorded  observation  in  Red  River  at  Grand  Forks  -  special  interest), 
and  the  gray  tree  frog  (special  interest).  Few  if  any  threatened  or 
endangered  flora  are  considered  to  exist  in  the  riverbank  and  urbanized 
areas  since  these  areas  have  long  ago  been  reworked  and  regenerated  with 
weeds  or  exotic  grass  species. 

HUMAN  RESOURCES 

The  city  of  Grand  Forks  has  grown  in  population  from  34,451  in  1960 
to  41,601  in  1973.  Population  in  the  study  area  is  evenly  dispersed  in 
all  reaches  except  in  the  downtown  business  district  portion  of  Reach  4. 

The  most  rapid  population  expansion  is  occurring  in  Reach  1,  the  Belmont 
Road  area  in  south  Grand  Forks.  Highest  population  densities  are  found 
in  the  extremities  of  Reach  4  (the  downtown  area)  and  Reach  2  (the  Lincoln 
Park  area).  In  terms  of  occupational  distribution,  Reach  1  has  a  substan¬ 
tially  higher  percentage  of  professionals  than  all  other  reaches.  And,  as 
expected,  this  same  area  has  the  greatest  percentage  of  employed  persons 
with  annual  incomes  over  $15,000.  Reach  1  has  also  the  largest  percentage 
of  population  25  years  and  older  with  4  or  more  years  of  post-high  school 
education . 

DEVELOPMENT  AND  ECONOMY 

The  Grand  Forks  study  area  includes  the  "hub"  of  the  local  economy. 
Much  of  the  downtown  retail,  financial,  and  commercial  business  district 
(Reach  4)  is  within  the  100-year  floodplain.  A  relatively  minor  amount 
of  industrial  development  is  in  the  downstream  portion  of  Reach  5.  The 
highly  developed  area  (Reach  4)  is  served  by  an  extensive  network  of  roads 
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and  railroads.  U.S.  Highway  2,  Demers  Avenue,  and  Minnesota  Avenue  pro 
vide  easy  access  to  Hast  Grand  Forks  and  eastern  areas.  L’.S.  Highway 
81  provides  "gateways"  to  northern  and  southern  areas.  Railroad  passen 
ger  and  freight  services  are  provided  hv  the  Burlington  Northern  Rail¬ 
road  with  two  river  crossings  in  the  study  area.  A  local  "ring  road" 
along  the  riverbank  between  Kittson  Avenue  and  First  Avenue  North  en¬ 
hances  local  traffic  and  provides  parking  for  downtown  commuters. 

The  growth  and  strength  of  the  local  Grand  Forks  economy  are  well 
illustrated  by  an  over  fourfold  increase  in  taxable  sales  and  a  three¬ 
fold  increase  in  building  permit  valuations  between  1950  and  1975. 
Similarly,  wholesale  and  retail  trade  in  the  city  increased  by  112  and 
139  percent,  respectively,  between  1963  and  1972. 


PROBLEMS  AND  NEEDS 


(1) 


EXISTING  FLOOD  CONTROL  PROJECTS 

The  existing  Corps  flood  control  project  (in  Reach  2)  at  Grand  Forks 

was  completed  in  1958  and  consists  of  a  5,160-foot  earthen  levee  with  an 

average  top  height  of  14  feet,  a  770-foot  reinforced  concrete  floodwall, 

and  interior  drainage  works  including  a  21 ,720-gpm  (gal lon-per-minute) 

capacity  pumping  station  as  shown  on  figure  1.  Also  included  were  utility 

and  road  relocations,  lands,  easements,  and  rights-of-way  furnished  by  the 

city  as  local  cooperation  items.  The  earth  levee  has  a  10-foot  top  width 

and  2.5  horizontal  to  1.0  vertical  side  slopes.  The  project  was  designed 

to  protect  the  Lincoln  Park  area  from  a  79,000-cfs  (cubic-foot-per-second) 

or  50-year  Red  River  flow  with  2  feet  of  freeboard.  The  79,000-cfs  flow 

was  the  maximum  flood  of  record  at  the  time  the  project  was  constructed. 

On  the  basis  of  current  hydrologic  data,  the  top  of  the  flood  barrier  is 

approximately  at  the  49.8-foot  stage  or  1.2-percent  chance  flood  flow 

height  as  measured  at  the  USCS  gage  at  river  mile  295.7  (gage  zero  = 

(2) 

778.35,  1929  adj.)  About  200  residences  and  various  commercial  and 

industrial  structures  and  public  buildings  are  protected  from  a  2.8-percent 
chance  (36-year)  flood  flow  by  the  project. 

A  small  flood  control  project  has  recently  been  studied  by  the  North 
Dakota  State  Water  Commission  for  Belmont  Coulee  at  Belmont  Road.  Improve¬ 
ments,  consisting  of  a  proposed  combined  roadway-embankment,  gated  conduits, 
and  interior  drainage  pumping  facilities,  were  designed  to  prevent  periodic 
flooding  of  the  mostly  residential  Belmont  Coulee  area.  However,  the 
project  has  not  been  constructed  because  local  acceptance  is  lacking. 

(1)  "The  stage-discharge,  f requency-discTiarge,  and  historic  flood  data 
cited  in  this  stage  2  report  were  revised  later  in  the  urban  study.  Dif¬ 
ferences  between  these  and  later  data  reflect  Corps  efforts  to  refine  the 
hydrologic  and  hydraulic  data  base.  Also,  the  existing  flood  barriers  have 
been  improved  during  and  following  flood  fights  which  occurred  after  this 
report  was  printed.  However,  the  stage  2  data  have  been  reprinted  here  to 
allow  the  reader  to  follow  the  original  decision-making  process. 

(2)  Current  gage  zero  =  778.35  (1929  adj.)  at  mile  295.7.  Cage  zero 
was  778.35  at  mile  296.0  prior  to  relocation  of  gage  in  1965.  Cage  zero 
was  778.42  at  mile  296.22  prior  to  gage  relocation  in  1933. 


EMERGENCY  LEVEE  WORKS 


Emergency  levee  works  constructed  by  the  Corps  of  Engineers  during 
past  flood  emergencies  remain  at  two  locations  in  Grand  Forks.  The  Central 
Park  levee  (figure  1)  was  constructed  during  the  1971  flood  emergency. 

This  levee  is  1,500  feet  long  with  an  average  10-foot  top  width  and  3  hori¬ 
zontal  on  1  vertical  side  slopes  and  had  a  maximum  height  of  7  feet.  The 
7-foot  maximum  height  corresponds  to  a  stage  of  46.8  feet  (elevation  825.2 
as  measured  at  the  USGS  gage  at  mile  295.7).  This  levee  was  raised  during 
the  1978  flood  emergency  to  a  stage  of  50.0  feet.  Any  required  interior 
drainage  pumping  would  be  provided  by  temporary  portable  pumps  during  a 
flood  emergency.  Extreme ty  long  sandbag  closures  or  other  methods  of 
closure  are  required  to  make  this  levee  effective.  Assuming  no  levee 
failure  along  with  effective  closures  and  interior  drainage  pumping, 
about  50  residences  and  other  structures  would  be  protected  at  the  50- 
foot  flood  stage  (3.3-percent  chance  flood  level  with  3  feet  of  free¬ 
board)  . 

The  other  emergency  flood  barrier  is  in  the  northeast  part  of  the 
city  between  U.S.  Highway  2  on  the  south  and  Riverside  Park  on  the  north 
as  shown  on  figure  1.  This  barrier  was  constructed  in  1975  and  consists 
of  a  3,450-foot  earthen  levee  and  wood  plank  wall.  The  2,800-foot  levee 
portion  has  a  10-foot  top  width,  an  average  height  of  8  feet  (47-foot 
stage,  3.3-percent  chance  flood),  and  side  slopes  varying  from  2:1  to 
3:1  on  the  riverward  side  and  3:1  to  4:1  on  the  landward  side.  A  650- 
foot  wood  plank  wall  supported  by  8-  by  8-inch  beams  on  6-foot  centers 
constitutes  the  remainder  of  the  flood  barrier.  No  permanent  interior 
drainage  facilities  are  provided.  Seepage  and  interior  surface  runoff 
would  be  removed  oy  temporary  portable  pumps  during  an  emergency.  Approx¬ 
imately  50  residences  and  other  structures  are  protected  by  the  levee. 


FLOOD  EMERGENCY  AND  NONSTRUCTURAL 
EMERGENCY  PROGRAMS 


Responses  to  impending  flood  emergencies  at  Grand  Forks  are  accomplished 
by  the  City  Department  of  Public  Works.  The  level  and  nature  of  the  response 
is  based  on  predictions  of  impending  flood  crests  provided  by  the  National 
Weather  Service  in  Fargo,  North  Dakota.  For  smaller  floods  not  expected  to 
overtop  the  existing  levees,  typical  activities  would  include  monitoring  the 
operation  of  the  existing  Lincoln  Park  levee/ floodwal 1  project,  placing  a 
sandbag  closure  at  the  Central  Park  levee,  installing  stop  log  closures  in 
the  Riverside  Park  levee,  and  providing  emergency  interior  runoff  and  seepage 
pumping  behind  both  emergency  levees  and  sandbagging  of  the  city  waterworks 
and  NSP  powerplant. 

During  a  major  flood,  government  agencies  (such  as  the  Corps  of  Engi¬ 
neers)  may  be  asked  to  provide  technical,  manpower,  and  financial  assistance 
in  raising  or  constructing  needed  temporary  flood  barriers.  Other  agencies 
(such  as  the  National  Guard,  U.S.  Coast  Guard,  Salvation  Army,  and  the  Red 
Cross)  typically  provide  emergency  relief  assistance  such  as  evacuation  of 
threatened  residents,  shelter,  and  patrol  of  flood  barriers. 

Current  administrative  techniques  being  used  to  reduce  potential  flood 
loss  include  enrollment  in  the  regular  phase  of  the  National  Flood  Insurance 
Program  and  the  recent  adoption  of  floodplain  zoning  and  subdivision  regula¬ 
tions  to  regulate  development  in  flood-prone  areas.  The  development  of  the 
three  community  parks  -  Lincoln,  Central,  and  Riverside  -  has  effectively  pre¬ 
cluded  high-density  damage-prone  development  which  otherwise  might  have 
occurred  in  these  areas. 

EXISTING  FLOOD  PROBLEM 

The  city  of  Grand  Forks  is  subject  to  periodic  flooding  from  the  Red 
River  of  the  North.  Principal  factors  contributing  to  flooding  include 
the  very  flat  river  slope,  northward  drainage,  channel  constrictions,  and 


and  increasing  agricultural  drainage.  The  low  river  slope  of  0.5  foot 
per  mile  and  resultant  low  velocities  retard  drainage  from  the  area. 
The  flow  of  surface  runoff  from  southern  areas  into  still  frozen  river 
reaches  frequently  results  in  ice  jams  and  increased  river  stages. 
Bridges  over  the  river,  particularly  the  Burlington  Northern  Railroad 
and  Demers  Avenue  Bridges,  obstruct  flood  flows  at  higher  stages. 

The  city  of  Grand  Forks  is  subject  to  spring  floods  caused  mainly 
by  snowmelt  runoff  and  summer  floods  resulting  from  heavy  rains.  An 
exception,  the  1965  flood,  was  caused  principally  by  heavy  widespread 
rainfall  over  deeply  frozen  soils.  A  list  of  the  10  largest  floods  of 
record  at  Grand  Forks  together  with  corresponding  flood  crest  heights 
and  discharges  is  given  in  table  1. 


Table 

1  - 

Ten  highest  floods  in  order  of  magnitude.  Red 
North  at  Grand  Forks,  North  Dakota 

River  of  the 

Order 

No. 

Date  of  Crest 

_ 9333.  height _ m 

Stage  (feet)  Elevation  (feet)v 

Estimated  peak 
discharge  (cfs) 

1 

10 

April  1897 

48.5 

826.8 

79,000 

2 

18 

April  1882 

46.3 

824.6 

68,000 

3 

4 

April  1966 

45.55 

823.90 

55,000 

4 

1 1 

April  1978 

45.73 

824.08 

54,200 

5 

12 

May  1950 

45.5 

823.8 

54,000 

6 

16 

April  1969 

4  5.69 

824.04 

53,500 

7 

24 

April  1893 

43.8 

822.2 

53,300 

8 

17 

April  1965 

44.92 

823.27 

52,000 

9 

14 

July  1975 

43.27 

821 .62 

45,000 

10 

25 

April  1950 

43.8 

822.2 

43,800 

(1)  Does  not  show  the  1979  spring  flood  (48.81,  827.16,  82,000)  which 
occurred  after  this  stage  2  report  was  completed.  Nor  have  some  data, 
notably  the  1897  flood,  been  updated.  Revised  tables  are  shown  in  the 
Plan  Formulation  Appendix  and  Flood  Emergency  Plan  for  Grand  Forks,  North 
Dakota . 

(2)  Gage  zero  =  778.35  (1929  adj.) 

Flooding  begins  at  a  Red  River  stage  of  about  28  feet  (elevation 
806.35);  appreciable  flood  damage  begins  at  a  stage  of  35  feet.  Major 
flood  damages  begin  at  a  stage  of  about  40  feet  with  seepage  into 


basements  in  the  downtown  business  district.  At  a  47-foot  stage,  the 
Grand  Forks  water  treatment  plant  is  inoperative  requiring  emergency 
supplies  from  East  Grand  Forks.  At  a  49-ioot  stage,  the  Northern  States 
Power  plant  is  shut  down.  The  maximum  flood  of  record  occurred  in  1897 
with  a  stage  of  48.5  feet,  a  peak  discharge  of  79,000  cl's,  and  a  corres¬ 
ponding  expected  return  interval  of  once  in  about  62  years.  The  1-per¬ 
cent  chance  flood  would  have  a  maximum  stage  height  of  50.4  feet  and  a 
corresponding  discharge  of  89,000  cfs. 

A  large  part  of  the  urbanized  area  (see  figure  4,  1-percent  chance 
flood  outline)  is  subject  to  either  direct  (surface  water)  or  indirect 
(sewer  backup,  etc.)  flooding.  Flood  damage  figures  include  actual 
damages  to  residential,  commercial,  industrial,  and  public  structures 
plus  flood  fight  and  cleanup  costs.  Over  2,600  residential,  commercial, 
and  public  buildings  would  be  subject  to  direct  flooding  from  tin1  1-per¬ 
cent  chance  flood.  Major  disasters  were  averted  in  Grand  Forks  during 
the  1965,  1966,  1969,  and  1978  spring  floods  through  flood  fight  measures, 
including  construction  of  emergency  flood  barriers  at  Central  and  Rive- 
side  Parks.  Without  these  measures,  flood  damages  would  have  been  about 
$400,000  in  1965  and  nearly  $1  million  in  1966  and  1969  (all  October 
1977  prices).  The  1975  summer  flood  (8-percent  frequency  flood)  re¬ 
sulted  in  $496,000  in  damages  (October  1977  price  levels)  including 
direct  property  damage,  flood  f Lglit  costs,  and  cleanup  of  sewers  and 
surface  debris.  Under  present  conditions  and  prices  and  assuming  no 
emergency  flood  fight,  a  recurrence  of  the  record  1  '  flood  would 

result  in  damages  of  about  $18  million.  An  occurrence  of  the  1-percent 
chance  flood  would  result  in  total  damages  of  about  $47  million.  A 
summary  of  historic  flood  damages  for  selected  floods  at  Grand  Forks 
is  given  in  table  2. 


lyible _ 2  Summary^  of  historic  flood  damages 


Year 

Peak  flood 
stage  (feet) 

Total  flood 
damages 

Damages  ^ 
prevented 

1965 

44.92 

$  306 , 000 

0 

1966 

45.55 

518,000 

$445,000 

1969 

45.69 

420,000 

897,000 

1975 

43.27 

496,000 

396,000 

(1) 

Damages  prevented  bv  flood 

f  ight  ef  forts  , 

emergency  levees. 

and  Corps  Lincoln  Park  levee  (October  1977  price  levels). 


The  completed  Lincoln  Park  levee  project  protects  that  area  from  a 
2.8-percent  chance  flood  (36-yenr)  with  3  feet  of  freeboard.  An  occurrence 
of  the  1-percent  chance  flood  (approximate  stage  of  54.3  at  midpoint  of 
levee)  would  overtop  the  levee  by  about  0.6  foot. 

The  Central  Park  area  (see  figure  1)  is  protected  to  a  limited  and 
uncertain  degree  from  a  3.3-percent  frequency  flood  (stage  of  50  feet, 
discharge  63,000  cfs)  ,  offering  residents  a  false  sense  of  security  against 
flooding.  This  levee  was  constructed  quickly  during  a  flood  emergency 
without  due  regard  for  Corps  design  criteria  including  accepted  minimum 
levels  of  protection  in  densely  urbanized  areas.  In  the  event  of  a  major 
flood,  this  levee  is  susceptible  to  erosion  and/or  overtopping  and  needs 
a  lengthy  closure  at  Minnesota  Avenue. 


Similarly,  the  existing  Riverside  Park  levee  and  floodwall  protects 
about  50  residences  from  a  3.3-percent  chance  flood  assuming  no  failure 
of  the  levee  and  adequate  interior  drainage  pumping.  However,  the  100- 
year  (1-percent  chance  flood)  flood  would  overtop  the  flood  barrier  by 
0.7  foot;  flood  damages  in  the  area  would  be  about  $2,500,000.  Thus, 
this  flood  barrier  also  creates  a  false  sense  of  security  against  flood¬ 
ing  and  leaves  the  area  subject  to  potentially  high  economic  losses. 

The  highly  developed  downtown  business  district  begins  suffering 
basement  seepage  damage  with  the  17.5-percent  chance  or  5.7-year  flood 
Approximately  70  square  blocks  of  the  downtown  area  between  Minnesota 
Avenue  and  U.S.  Highway  2  would  be  inundated  by  the  1-percent  chance 
f lood . 

Substantia]  flood  damages  are  frequently  incurred  at  the  three  city 
parks  located  adjacent  to  the  river.  Since  1966,  these  parks  have  been 
inundated  10  times.  Recurring  flood  losses  at  these  parks  include  damage 
to  structures,  cleanup  of  debris  and  mud  from  the  grounds,  and  loss  of 
revenue  at  the  Lincoln  Park  golf  course.  For  the  two  occurrences  in 
1975,  over  $200,000  in  Federal  and  local  disaster  relief  funds  were 
expended  for  repairs  and  clean  up  at  the  parks.  Approximately  $30,000 
in  golf  course  receipts  were  lost  at  Grand  Forks  because  of  the  1975 
summer  flood. 
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RIVERBANK  STABILITY  PROBLEMS 


In  addition  to  being  of  inadequate  height  and  questionable  structural 
integrity,  the  existing  emergency  levees  are  also  located  on  or  near  un¬ 
stable  riverbank  areas.  A  weak  layer  of  lacustrine  deposits  deposited 
during  the  glacial  Lake  Agassiz  period  is  present  at  a  depth  of  roughly 
50  feet  throughout  the  area.  This  layer  is  about  30  feet  thick  in  areas 
undisturbed  by  subsequent  river  erosion.  In  some  areas,  this  layer  has 
been  completely  replaced  with  more  stable  fluvial  deposits.  There  is 
substantial  evidence  that  levees  and  other  structures  constructed  in 
areas  of  undisturbed  weak  lacustrine  deposits  have  resulted  in  severe 
riverbank  slides  and  resultant  damage  to  flood  barriers  and  other  struc¬ 
tures  . 

Several  slide  areas  have  been  observed  along  the  Grand  Forks  side 
of  the  Red  River;  most  of  them  are  active  or  are  undergoing  slow  but 
continual  movement  (figure  1).  An  active  slide  is  located  under  the 
upstream  end  of  the  Riverside  Park  levee.  This  slide  started  in  1972. 
Addition  of  more  emergency  levee  fill  in  1976  increased  the  rate  of  move¬ 
ment  with  subsequent  subsidence  of  the  levee  and  cracking  of  nearby 
building  foundations.  Another  slide  occurred  in  1946  at  the  city  water¬ 
works  because  of  placement  of  added  fill  landward  of  the  water  storage 
tank.  However,  this  area  currently  appears  stable. 

Another  slide  occurred  in  1953  at  the  upstream  end  of  the  existing 
Corps  project  in  Lincoln  Park  requiring  unloading  of  the  riverbai  , 
relocation  of  nearby  homes,  and  replacement  of  400  feet  of  levee  with 
floodwall.  Other  than  a  separated  vertical  joint  in  the  floodwall,  which 
probably  occurred  shortly  after  construe t ion ,  visual  evidence  shows 
this  slide  area  to  be  inactive. 

A  continuing  slide  exists  at  the  Grand  Forks  recreational  building 
(see  photo).  The  building  has  been  severely  cracked  and  the  lower  floor 
is  unusable. 


(’.rand  Forks  Recreational  Building 


Another  slide  area  is  located  farther  upstream  at  the  Elks  Club 
parking  lot.  This  slide  area  appears  active  with  observed  vertical 
displacement  in  the  paved  parking  lot  of  over  2  feet. 

IMPROVEMENTS  DESIRED 

Even  with  the  existing  Corps  project,  emergency  levees,  periodic 
emergency  flood  light  activities,  and  current  nonstruc tural  measures. 
Grand  Forks  is  subject  to  severe  flood  damage  from  a  major  flood 
occurrence.  Although  relatively  effective  in  the  past,  the  emergency 
levees  are  inadequate  in  height  and  design  and  are  undergoing  founda¬ 
tion  failure  in  some  areas.  Thus,  these  levees  offer  affected  resid¬ 
ents  a  false  sense  of  security  and  leave  them  with  a  real  threat  to 
life  and  property.  Thus,  a  comprehensive  program  including  nonstruc- 
tural  and  structural  measures  appears  advisable  to  provide  adequate 
protection  for  a  heavily  urbanized  area.  At  an  18  January  1978  workshop 
meeting  in  Grand  Forks,  the  city  expressed  a  desire  that  considera¬ 
tion  be  given  to  flood  damage  reduction  measures  at  Lincoln  Park  and 
that  riverfront  beautification  measures  be  incorporated  as  part  of  any 
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proposed  flood  barrier  work.  The  city  also  desires  the  formulation  of  an 
emergency  plan  of  action  to  more  effectively  cope  with  flood  emergencies  in 
the  absence  of  any  permanent  flood  damage  reduction  measures.  The  city 
has  indicated  its  interest  in  area  flood  protection  by  requesting  that 
such  needs  be  given  high  priority  in  the  ongoing  Corps  of  Engineers  Grand 
Forks-East  Grand  Forks  Urban  Water  Resources  Study. 


PLAN  FORMULATION 


The  purpose  of  plan  formulation  was  to  develop  the  optimum  plan  for 
flood  damage  reduction  at  Grand  Forks.  The  process  involved  the  identifi¬ 
cation  and  development  of  alternative  measures,  identification  of  impacts, 
and  evaluation  of  the  alternatives  considered  based  on  screening  and  trade¬ 
offs  of  impacts. 

PLANNING  OBJECTIVES 

I 

Two  overriding  planning  objectives  were  used  to  guide  the  formulation 
process:  National  Economic  Development  (NED)  and  Environmental  Quality 
(EQ) .  Specific  local  planning  objectives  developed  on  the  basis  of  area 
problems  and  needs,  concerns  of  local  interests,  and  flood  damage  reduction 
opportunities  included  the  following: 

•  Contribute  to  the  protection  from  and/or  reduction  of  flood  losses 
to  relieve  the  economic  and  psychological  burdens  on  society  and 
local  residents  in  Grand  Forks'  flood-prone  areas  during  the  1980- 
2030  planning  period. 

•  Contribute  to  the  preservation  and  enhancement  of  the  environmental 
quality  of  Grand  Forks'  floodplain  areas  to  increase  wildlife  and 
recreational  values  during  the  1980-2030  planning  period. 

•  Contribute  to  the  social  well-being  of  Grand  Forks  area  residents  j 

to  enhance  the  quality  of  life  during  the  1980-2030  planning  period.  1 
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•  Contribute  to  the  protection  of  floodplain  lands  to  discourage  un¬ 
wise  development  that  would  be  flood-prone  or  would  detract  from 
the  environmental  quality  during  the  1980-2030  planning  period. 

FORMULATION  AND  EVALUATION  CRITERIA 

For  the  analysis  and  comparison  of  alternatives  with  the  base  or 
existing  condition,  various  criteria  were  established.  The  base  condition 
is  identified  as  the  Grand  Forks  area  having  floodplain  management  ordi¬ 
nances  and  flood  insurance  in  effect  but  remaining  subject  to  recurrent 
flooding  with  very  serious  damage  potential. 

Specific  criteria  considered  included  economic,  technical,  environ¬ 
mental,  and  social  well-being  criteria  as  briefly  outlined  below. 

Economic  Cv iteri ; i 

«  Tangible  economic  benefits  of  a  selected  plan  must  exceed 
costs  (i.e.,  a  benefit-cost  ratio  greater  than  unity). 

•  A  100-year  amortization  schedule  is  used  as  a  basis  of 
economic  analysis. 

•  Annual  costs  and  benefits  are  based  on  a  6  5/8-percent  in¬ 
terest  rate  and  October  1977  price  levels  and  conditions. 

•  Any  plan  developed  should  fit  integrally  into  an  overall 
plan  for  flood  damage  reduction  in  the  Red  River  basin. 

Technical  Criter _ia 

•  Where  feasible,  nonstructural  measures  are  preferred  over 
structural  measures. 

•  All  flood  barriers  and  channels  will  provide  3  and  2  feet 
of  freeboard,  respectively,  over  the  design  water  surface 
elevation . 

•  Where  feasible,  the  flood  barrier  freeboard  should  contain 
the  standard  project  flood  flow  or  the  maximum  practical 
level  of  protection. 


•  Unstable  riverbank  slopes  will  not  be  loaded  in  excess  of  accept- 
"•Me  design  limits. 

•  Appropriate  Corps  engineering  standards,  regulations,  and  guide¬ 
lines  will  be  complied  with. 

Environment a 1  Criterion 

•  A  plan  that  minimizes  adverse  environmental  effects  and  maximizes 
environmentally  related  benefits  before,  during,  and  after  construc¬ 
tion  will  be  developed  and  selected. 

Social  Well-Being  Criteria 

•  The  possible  loss  of  life  and  threats  to  area  public  health  and 
safety  will  be  minimized. 

•  Social,  cultural,  historical,  and  aesthetic  values  in  the  study 
area  will  be  preserved  and,  where  possible,  enhanced. 

•  The  selected  plan  must  be  responsive  to  the  desires  of  the 
community  and  acceptable  to  the  people. 

BASE  CONDITION 

The  existing  or  base  condition  for  the  flood  damage  reduction  analyses 
in  the  city  of  Grand  Forks  is  as  follows:  The  Lincoln  Park  area  has  a 
36-year  level  of  protection  provided  by  the  existing  Federal  project.  The 
Riverside  Park  area  has  a  questionable  degree  of  protection  up  to  the  33- 
year  flood  level  provided  by  the  locally  built  emergency  flood  barrier. 
Similarly,  the  Central  Park  area  is  provided  questionable  protection  up  to 
the  50-foot  flood  stage  (33-year  flood  level  with  3  feet  of  freeboard)  by 
the  emergency  levee.  Other  current  measures  used  to  reduce  potential 
flood  damages  include  flood  warning  services  provided  by  the  National 
Weather  Service,  flood  fight  and  disaster  relief  activities  by  the  city 
and  other  government  agencies,  flood  insurance,  and  recently  adopted 
floodplain  zoning  and  subdivision  regulations  to  regulate  development  in 
flood-prone  areas. 
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With  these  structural  and  nonstructural  measures,  the  developed  flood- 
plain  areas  of  the  city  remain  subject  to  inundation  with  a  related  high 
potential  for  economic  losses  and  threats  to  public  health  and  safety.  Pre¬ 
vious  instances  of  levee  subsidence  along  the  Riverside  Park  levee  make 
questionable  the  advisability  of  this  and  other  hastily  built  barriers. 

Other  areas  such  as  Reach  1  (Belmont  Road  area)  and  Reach  6  (English  Coulee) 
are  not  protected  except  by  private  flood  fight  efforts  such  as  sandbagging 
of  individual  properties. 

Under  present  conditions,  total  flood  damages  for  all  reaches  for  the 
50-yoar,  100-year,  and  standard  project  flood  levels  would  exceed  $13  million, 
$42  million,  and  $76  million,  respectively,  on  the  basis  of  October  1977 


price 

annual 

levels  and  conditions  as  shown  on  table  3. 

damages  exceed  $1  million. 

Table  3  -  Summary  of  total  flood 

Corresponding  average 

damages 

50-ve..r 

100-vear 

Standard  project 

Reach 

flood  level 

flood  level 

flood  level 

1 

$1 .300,000 

$2,380,000 

$3,950,000 

2 

3,560,000 

5,800,000 

9,600,000 

3 

1,730,000 

3,050,000 

7  ,100,000 

4 

3,200,000 

24,000,000 

45,000,000 

5 

1,660,000 

2,540,000 

4,500,000 

6 

2,000,000 

4,970,000 

6,400,0'''.' 

Total 

13,450,000 

42,740,000 

76,550,000 

ALTERNATIVE  PLANS  CONSIDERED 

Measures  considered  to  either  wholly  or  partially  meet  the  flood  damage 
reduction  needs  of  the  city  of  Grand  Forks  were  classified  as  nonstructural 
or  structural.  Structural  measures  (e.g.,  levees,  dams,  channel  improve¬ 
ments,  etc.)  affect  the  floodwaters;  nonstructural  measures  (e.g.  floodplain 
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regulations,  flood  proofing,  relocations,  etc.)  reduce  the  flood  damage 
potential.  Some  nonstructural  measures,  such  as  flood  proofing,  include 
construction  work  but  not  to  the  scale  of  structural  measures  such  as 
levees.  In  addition  to  the  no  action  alternative,  six  nonstructural  and 
four  structural  plans  were  considered.  Costs  and  major  social  and  environ¬ 
mental  impacts  of  these  alternatives  are  on  table  4. 

NONSTRUCTURAL  MEASURES 

No  Act  ion 

This  alternative  would  include  only  those  measures  currently  utilized 
under  the  existing  base  condition.  Flood  damage  reduction  would  be  limited 
to  that  obtained  with  the  existing  flood  barriers  together  with  necessary 
closures,  prior  flood  warnings  from  the  National  Weather  Service,  emergency 
diaster  relief  activities  such  as  temporary  evacuation  and  housing  of  relo¬ 
cated  people,  and  private  flood  proofing  efforts.  Persons  who  purchased 
flood  insurance  would  be  at  least  partially  reimbursed  for  flood  losses  in 
accordance  with  the  terms  of  their  coverage. 

When  severe  flood  conditions  are  forecast,  it  is  likely  that  technical 
assistance  at  least  would  be  sought  from  various  local.  State,  and  Federal 
agencies.  Typically,  the  Red  Cross  would  assist  in  housing  of  evacuees  and 
the  Corps  of  Engineers  would  provide  technical  assistance  regarding  emergency 
flood  barrier  construction. 

F _lood_ Warning  and  Forec :astJLng  Service s 

The  National  Weather  Service  provides  rainfall  and  snowmelt  advisory 
flood  forecasts  for  the  Red  River  and  its  major  tributaries.  It  predicts 
a  given  stage  at  a  particular  gage  or  gages  in  the  basin  on  the  basis  of 
observed  precipitation  and  flow  at  upstream  points  as  well  as  anticipated 
weather  conditions.  The  forecast  is  transmitted  to  local  officials,  news¬ 
papers,  and  radio  and  television  stations  in  the  basin.  These  sources 
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disseminate  the  information  to  residents  of  the  floodplain  in  the  form 
of  a  flood  warning.  Even  though  the  anticipated  flood  may  be  of  moderate 
proportions,  forewarning  permits  industrial  plants,  public  utilities, 
municipal  officials,  and  individuals  with  property  in  the  lowlands  to  take 
protective  measures. 

Forecasting  covers  both  flash  floods  and  major  flood  forecasts. 

Flash  flood  warnings  are  issued  by  the  Fargo  office  if  flood-producing 
rainfall  is  reported  or  if  there  is  at  least  80-percent  chance  that  flash 
flooding  will  occur.  Time  limits  for  these  flash  floods  would  probably 
not  permit  construction  of  emergency  works,  but  may  permit  some  evaua- 
tion  of  personnel  and  movable  property.  Flash  flooding  is  not  a  major 
problem  at  Grand  Forks.  Major  floods  on  the  Red  River  usually  occur  in 
the  early  spring  as  a  result  of  rapid  melting  of  heavy  snow  cover  combined 
with  warm  rains  during  the  melt.  For  snowmelt  advisory  forecasts,  the 
lead-time  between  distribution  of  this  information  and  the  flood  crest 
may  range  from  1  to  4  weeks.  Emergency  flood  protection  barriers  have 
been  constructed  during  major  flood  periods  in  the  past  in  response  to 
forecasts  and  are  depicted  on  figure  4. 

Flood  I nsur an ce 

The  flood  insurance  program  established  by  the  National  Flood  Insur¬ 
ance  Act  of  1968  makes  available  specified  amounts  of  flood  insurance 
previously  unavail abl e f rom  private  insurers.  The  act  requires  that 
local  governments  adopt  and  enforce  land  use  controls  and  other  regula¬ 
tory  measures  that  will  guide  development  in  flood-prone  areas  to  avoid  or 
reduce  future  flood  damages. 

The  1973  Flood  Insurance  Act  requires  that  all  buildings  in  the 
special  flood  hazard  areas  (100-year  floodplain)  of  a  participating 
community  must  be  covered  by  flood  insurance  to  be  eligible  for  any 
form  of  assistance  or  guarantees  from  a  federally-insured  or-supervised 
bank  or  savings  and  loan  association  or  from  any  Federal  agency.  An 
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Table  4  -  Comparison  of  alternatives  considered  (cont) 


Table  U  -  Comparison  of  alternatives  considered  (cent) 


October  1977  amendment  removed  the  restrictions  on  eligibility  for  mortgages 
i rom  federally-insured  lending  institutions  for  those  communities  not  partici¬ 
pating  in  the  program.  However,  if  a  community  does  not  participate  in  the 
program,  property  owners  may  be  denied  Federal  flood  disaster  assistance 
funds . 

Grand  Forks  has  complied  with  the  requirements  for  eligibility  in  the 
regular  program,  and  flood  insurance  is  available  for  structures  and  con¬ 
tents  at  actuarial  rates.  As  of  31  May  1978,  301  policies  were  in  effect; 

220  were  for  single-family  dwellings.  Total  insurance  coverage  was  $8,892,600. 


The  100-year  floodplain  along  the  Red  River  of  the  North  at  Grand  Forks 
is  generally  classified  as  an  A-20  flood  insurance  rate  zone  with  scattered 
small  areas  of  B  zone  in  the  business  district.  The  English  Coulee  flood- 
plain  includes  A  and  A-ll  zones  downstream  to  the  Burlington  Northern 
railroad  crossing  just  north  of  U.S.  Highway  2  and  A-16  zone  from  this 
point  downstream  to  the  mouth.  Flood  insurance  can  be  obtained  in  maximum 
coverage  amounts  of  $185,000  and  $200,000  for  residential  and  commercial 
property,  respectively.  Annual  premium  rates  under  the  regular  program 
for  flood  insurance  at  Grand  Forks  are  shown  in  the  following  table. 


Table  _5_  -  Annual  premiums  Jor_  flood  insurance 


Rate  zone^^ 

Type  of  insurance  , 

Resident ial (2) 

Commercial 

A 

(31 

20C/100  +  $15V  ' 

40c/ 100 

A-ll 

25c/  100  +  35c/100c(^ 

40c/ 1 00  +  7  5c/l 00c 

A-16 

Same  as  A-l  1 

Same  as  A-ll 

A-20 

Same  as  A-ll 

Same  as  A-l 1 

B 

15c/ 100  +  40c/ 100c  +  $15 

25C/100  +  60c /100c 

(1)  A  zones  lie  within  the  100-year  floodplainja  larger  appended  number 
(e.g.,  A-20  compared  to  A-.l  l)  signifies  a  greater  difference  between  the 
100-  and  10-year  flood  depths.  B  zones  lie  outside  the  100-year  floodplain 
but  within  the  500-year  floodplain. 

(2)  For  a  $35,000  maximum  coverage,  1-story  building  with  basement. 

(3)  Expense  constant. 

(4)  25c/100  +  35c/100c  =  $0.25  per  $100  value  of  building  +  $0.35  per 
$100  value  of  contents. 


Flood  pi  .1  in  Ro^uJ  ationsjind  I’rnctu-es 

Under  the  provisions  of  the  regular  Flood  Insurance  Program,  eligible 
communities  are  responsible  for  planning,  adopting,  and  enforcing  local 
floodplain  regulations.  These  regulations  must  minimize  future  flood 
damages  and  may  include  (1)  subdivision  regulations,  (2)  building  codes, 
(3)  zoning  ordinances,  and  (4)  sanitary  regulations.  In  addition,  local 
governments  are  encouraged  to  implement  other  floodplain  management  prac¬ 
tices  such  as  warning  signs,  urban  redevelopment,  open  space  programs, 
and  public  education  programs.  These  ordinances  and  practices  do  not 
necessarily  preclude  development  in  the  floodplain  but  rather  guide  the 
type  and  extent  of  future  development  permitted  consistent  with  the 
flood  potential. 

Grand  Forks  has  adopted  a  flood  zoning  ordinance  (Ordinance  No. 

1878  amending  and  reenacting  Article  6,  Chapter  XIX  ot  the  City  Code) 
to  ensure  regulation  and  management  of  flood-prone  arras .  The  ordinance 
establishes  zoning  districts  for  the  floodplain  and  tloodwav  with  appro¬ 
priate  permitted  uses.  The  ordinance  also  requires  building  permits  which 
recognize  the  flood  hazard  and  flood-proofing  certification  based  on  the 
"Flood  Proofing  Code  of  the  City  of  Grand  Forks."  An  ordinance  to 
regulate  subdivision  proposals  in  the  flood  districts  has  been  drawn  up 
by  the  Citv  Planning  Office  but  has  not  been  adopted. 

Grand  Forks  has  no  plans  for  an  urban  renewal  area  or  project  at 
the  present  time’.  However,  the  city  has  assisted  with  grants  and  loans 
to  individual  home  owner-occupied  dwellings  in  the  central  area  of  the 
city  bordering  on  the  Red  River.  It  has  also  purchased  some  properties 
adjacent  to  the  Red  River  for  a  ring  road  around  the  central  business 
district.  Some  of  the  acquired  property  not  needed  for  the  road  will  be 
developed  into  a  park  or  open  space. 


Evacuation  and  Relocation 

Over  2,600  structures  are  located  in  the  100-year  floodplain  in  Grand 
Forks.  Over  2,400  are  residential,  over  200  are  commercial  or  industrial, 
and  about  50  are  public. 

Permanent  evacuation  of  all  damageable  flood-prone  structures  from 
the  floodplain  would  involve  acquisition  of  lands  by  purchase,  removal  and 
relocation  of  improvements,  evacuation  and  resettlement  of  the  population, 
and  management  and  permanent  conversion  of  the  lands  to  uses  less  susceptible 
to  flood  damage.  Approximately  one-third  to  one-half  of  the  Grand  Forks 
central  business  district  is  in  the  100-year  floodplain  and  would  require 
relocation  or  purchase  of  existing  structures.  Roadways  and  utilities 
would  remain  as  needed  to  provide  access  between  adjacent  flood-free  areas 
and  the  evacuated  areas  which  would  be  converted  to  open  space  recreational 
and  other  public  use. 

This  alternative  would  involve  the  permanent  relocation  of  over  2,400 
families  and  approximately  8,400  residents.  Newer  development  areas  for 
these  displaced  people  would  probably  be  available  to  the  west  and  south¬ 
west  of  the  Grand  Forks  urbanized  area.  In  addition  to  the  displaced 
residents,  approximately  70  square  blocks  of  the  downtown  business  area 
and  adjacent  residential  areas  would  have  to  be  evacuated.  Similarly, 
substantial  commercial  and  industrial  development  along  Mill  Road  in  Reacli 
5  would  require  relocation  to  flood-free  property.  However,  very  few  of 
the  commercial,  industrial,  and  public  structures  could  be  moved.  These 
buildings  would  be  razed  with  reconstruction  accomplished  on  flood-free 
lands.  Total  first  costs  of  required  relocations  from  all  100-year  flood- 
prone  areas  exclusive  of  reconstruction  costs  for  nonresident ial  structures 
removed  are  estimated  at  over  $86  million  (table  4). 

F lood_  Proof ing 

This  alternative  would  provide  for  flood  proofing  of  all  suitable 
structures  (sound  condition  and  adaptability  to  f 1 ood-proo f i ng  techniques) 
within  the  100-year  floodplain  in  Reaches  1  through  6.  Approximately 
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2,200^^  homes, 
be  flood  proofed 
in  the  100-year 
more  than  2  feet 
flood  proofing. 


180  businesses,  and  40  public  structures  could  probably 
In  general,  any  structure  not  more  than  100  feet  witli- 
flood  outline  and/or  having  a  first  floor  elevat  ion  not 
below  the  100-year  flood  elevation  was  considered  lor 


Although  most  simply  and  economically  .applied  to  new'  construct  ion, 
flood  proofing  may  be  applicable  to  existing  development.  Individual 
residences  would  he  flood  proofed  hv  installing  drain  fields;  sealing 
low-level  window,  door,  and  other  openings;  installing  flood  drain 
standpipes  and  check  valves;  and  sealing  and  filling  in  walkout  basement 
entrances.  Commercial  .and  industrial  structures  would  be  flood  proofed 
with  fixed  or  movable  bulkheads  across  low-level  window,  door,  and  ut  il itv 
openings;  waterproofing  of  masonry  walls  where  practical;  and  elimina¬ 
tion  of  depressed  loading  ramps  where  feasible.  All  costs  for  required 
flood  proofing  measures  were  determined  in  accordance  with  procedures 
outlined  in  the  Corps  of  Engineers'  publication,  "Estimating  Costs  and 
Bcnetits  for  Non-St  rue  turn  I  Flood  Control  Measures,"  dated  October  I ‘>7  a. 
Estimated  total  first  costs  for  this  plan  would  be  about  $44  million. 
Assuming  80-percent  Federal  cost  sharing,  total  Federal  first  costs  would 
be  about  $36  million,  as  shown  on  table  4. 


Emergency  Flood  FjLjgh  t  i  tig  and  Kel  ief  Act  ivit  ies 

Present  condition  emergency  flood  fight  and  disaster  relief  ellorts 
have  been  generally  successful  against  past  floods.  However,  a  much 
expanded  flood  fight  and  disaster  relief  effort  would  have  to  be  in¬ 
stituted  for  a  100-year  flood  with  a  level  4.7  feet  higher  than  the  recent  iv 
experienced  April  1978  flood.  Thus,  this  alternative  would  provide  the 
local  emergency  effort,  assisted  by  interested  agencies,  to  provide  prac¬ 
tical  protection  where  possible  against  a  100-year  flood,  together 
with  related  evacuation  and  other  disaster  relief  act  ivit  ies. 

(1)  Excluding  approximately  100  residences,  5  public  structures, 

25  commercial  structures  not  meeting  established  criteria. 


and 


The  Corps-constructed  Lincoln  Park  flood  control  project  protects  the 
Lincoln  Drive  residential  section  from  all  floods  up  to  the  36-year  flood. 
When  flood  stages  are  imminent,  the  city  must  arrange  for  the  mobilization 
of  personnel,  equipment,  and  supplies  necessary  to  meet  impending  emer¬ 
gencies.  Detailed  instructions  for  inspections,  tests,  and  operation  of 
the  project  are  in  the  Operation  and  Maintenance  Manual  provided  to  the 
city  of  Grand  Forks  when  the  project  was  completed  and  turned  over  to  the 
city. 

Emergency  activities  in  this  area  could  be  the  raising  of  the  entire 
flood  barrier  about  3.6  feet  to  provide  100-year  protection  (with  3  feet 
of  freeboard)  or  the  evacuation  of  the  affected  area  when  a  stage  greater 
than  47.8  feet  (36-year  flood)  is  imminent.  Because  time  would  probably 
not  be  available  for  raising  the  levee  and  f loodwall ,  evacuation  of  the 
area  appears  more  feasible  for  predicted  high  flood  stages.  Similarly 
and  in  view  of  uncertain  soil  conditions,  raising  the  Riverside  Park  and 
Central  Park  levees  much  above,  their  current  heights  appears  questionable. 
Thus,  under  this  course  of  action,  these  areas  would  also  be  evacuated 
when  flood  stages  of  47  and  50  feet,  respectively,  are  imminent.  Private 
flood  proofing  (sandbagging  efforts)  in  the  Belmont  Road  (Reach  1)  and 
English  Coulee  areas  would  be  practical  only  up  to  the  50-year  flood 
level.  Therefore,  about  250  and  70  homes,  respectively,  would  be  evacuated. 
Placement  of  temporary  flood  barriers  and  evacuation  of  people  located  in 
the  central  business  district  (Reach  4)  would  begin  before  a  stage  of  about 
42  feet.  A  summary  of  principal  flood  fight  activities  required  at  various 
flood  stages  is  given  in  the  following  table. 

Total  first  costs  for  a  local  emergency  flood  fight  against  a  100-year 
flood  (including  post-flood  cleanup,  restoration,  and  reconstruction  acti¬ 
vities)  are  estimated  at  $3,800,000,  with  corresponding  average  annual  costs 
of  $252,000.  Because  available  local  resources  would  not  be  capable  of 
fighting  a  major  flood,  Federal  assistance  under  Public  Law  99  could  be 
provided  if  deemed  advisable  and  certain  items  of  local  cooperation  are 
provided  to  the  affected  Federal  agency.  For  a  massive  flood  fight,  it  is 
assumed  that  Federal  expenditures  would  be  roughly  80  percent  of  the  total 
or  $3  million  as  shown  in  table  4. 


Table 

6  -  Flood  fight  activities 

Flood  stage  (feet)(l) 

Required  effort 

27 

Mobilize  city  manpower  and  equipment  resources. 

Restrict  traffic  in  low-lying  park  areas. 

27-35 

Place  closures  in  the  existing  Riverside  and 

Central  Park  levees.  Continuously  inspect  these 

barriers  to  quickly  locate  any  areas  of  founda¬ 
tion  subsidence.  Provide  temporary  drainage 

pumping  behind  existing  emergency  levees. 

35-40 

Evacuate  low-lying  residential  areas. 

42 

Sandbag  NSP  plant. 

42-47 

Install  a  temporary  Grand  Forks  water  supply  from 

East  Grand  Forks.  Evacuate  the  downtown  business 

district  and  adjacent  residential  areas. 

(1)  Zero  gage  elevation  =  778.35  at  river  mile  295.7. 


Under  Public  Law  99,  Federal  assistance  can  be  provided  for  emergency 
flood  protection  when  requested  by  the  city  and  when  all  their  available 
resources  have  been  exhausted.  Resolutions  relating  to  provision  oi  needed 
rights-of-way,  responsibility  for  damage  resulting  from  the  work,  and  re¬ 
storation  or  removal  of  the  flood  barriers  as  required  must  be  supplied  by 
the  city. 

STRUCTURAL  MEASURES 

Structural  measures  considered  included  flood  barriers  along  the  Red 
River  at  Grand  Forks,  a  diversion  channel  to  bypass  flood  flows  around  the 
urban  area,  floodwater  storage  on  the  Red  Lake  River,  and  channel  improve¬ 
ments  along  the  Red  River  at Grdnd  Forks.  All  structural  measures  were 
analyzed  on  the  basis  of  the  50-year,  100-ycar,  and  standard  project  floods. 

F 1  ood_  Barr ier s 

Red  River  main  stem  flood  barriers  (including  levees,  floodwalls, 
road  raises,  closures  across  road  and  rail  crossings,  attendant  interior 
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drainage  measures,  and  necessary  structure  and  utility  relocations)  were 
considered  for  the  50-year,  100-year,  and  standard  project  flood  levels. 
Flood  barriers,  with  the  exception  of  a  stream  closure  near  the  mouth,  were 
considered  impractical  for  English  Coulee  (Reach  6) .  Barriers  were  also 
considered  impractical  for  the  portion  of  Reach  1  south  of  Lincoln  Park 
(Olson  Drive  area)  because  space  between  affected  residences  and  the 
river  is  not  sufficient. 

All  flood  barriers  considered  would  provide  3  feet  of  freeboard  over 
the  design  flood  level.  Levee  side  slopes  would  generally  be  1  vertical 
on  3  horizontal  on  the  riverward  side  and  1  on  4  on  the  landward  side. 

All  disturbed  areas  would  be  topsoiled  and  seeded  with  selected  grass 
species.  Typical  levee  and  floodwall  cross  sections  are  shown  on  figure 
2. 

The  following  descriptions  of  the  flood  barriers  proceed  northward 
along  the  riverbank  from  the  south  end  of  Lincoln  Park.  Principal  features 
of  the  plans  are  cross-referenced  by  number  between  the  text  and  figures 
3,  4  and  5.  Principal  flood  barrier  system  data  are  given  in  table  7. 
Summary  estimates  of  first  costs  and  estimated  average  annual  costs  are 
given  in  attachment  A. 

100-Year  Plan  -  The  considered  100-year  flood  barrier  plan  (figure  3) 
for  Reach  1  would  include  a  2,500-foot  raise  of  Belmont  Road  f 1 ]  ^  ex¬ 
tending  from  about  23rd  Avenue  South  northward  to  13th  Avenue  South. 

The  average  road  raise  height  would  be  6.8  feet#  Also  included  would  be 
a  900-foot  floodwall  [2]  with  an  average  height  of  5.3  feet  extending 
from  the  road  raise  at  13th  Avenue  South  eastward  to  Almonte  Avenue 
extended.  The  road  raise  would  require  the  raising  of  about  19  driveway 
ramps  and  road  ramps  at  the  intersections  of  15th  and  12th  Avenues  South. 
Construction  of  the  road  ramps  would  require  the  removal  of  two  homes  as 
shown  on  figure  3.  Also  included  would  be  a  9,900-gpm  interior  drainage 
pumping  station  with  ancillary  collection  and  discharge  works.  Total  esti¬ 
mated  first  costs  for  these  improvements  would  be  $1,474,000  with  corres¬ 
ponding  average  annual  costs  for  interest,  amortization,  operation,  main¬ 
tenance,  and  replacement  of  $102,000. 

(1)  See  feature  reference  number  in  figure  3. 


TYPICAL  CONCRETE  FLOODWALL  SECTION 


FIGURE  2 
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FIGURE  3 
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FIGURE  S 


An  alternative  alignment  which  would  protect  the  Lincoln  Park  environs 
and  negate  the  need  for  a  Belmont  Road  raise  was  also  investigated.  This 
alternative  would  include  raising  of  the  Park  Drive  [la]  from  Belmont  Road 
eastward  a  distance  of  about  1,500  feet,  thence  a  4,700-foot  floodwall  [lb] 
with  an  average  height  of  about  16  feet  extending  northward  along  the 
riverbank  to  the  upstream  end  of  the  existing  Lincoln  Park  floodwall.  As¬ 
suming  stable  foundation  conditions  and  substituting  a  16-foot  high  levee 
(122-foot  bottom  width)  for  the  floodwall  would  require  removal  of  most  of 
the  riverbank  tree  cover  but  would  be  considerably  cheaper.  Total  Reach  1 
first  costs  with  the  floodwall  would  be  $3,381,000  as  compared  to  $1,067,000 
with  the  substitute  levee. 

Considered  100-year  barrier  works  along  Reach  2  would  include  a  1,480- 
foot  floodwall  [3]  with  an  average  height  of  5.4  feet  extending  from  Almonte 
Avenue  extended  eastward  to  the  existing  Lincoln  Park  floodwall.  They  would 
also  include  raising  the  existing  Lincoln  Park  floodwall  and  levee  [4]  about 
3.6  feet.  Related  measures  would  include  expansion  of  the  capacity  of  the 
existing  interior  drainage  works,  removal  of  18  residences,  and  a  closure 
structure  at  Almonte  Avenue  (park  access  drive).  Total  100-year  flood 
barrier  costs  for  Reach  2  are  estimated  at  $2,602,000. 

Considered  100-year  measures  along  Reach  3  would  include  a  2,840-foot 
levee  [5]  with  an  average  height  of  8.3  feet  extending  from  a  point  200 
feet  north  of  the  existing  Lincoln  Park  levee  generally  northward  to  Minne¬ 
sota  Avenue.  Also  included  would  be  a  20-foot-wide  closure  at  Third  Street 
extended  and  a  60-foot-wide  closure  across  Minnesota  Avenue.  Other  related 
measures  would  include  a  20,900-gpm  interior  drainage  pumping  station  with 
ancillary  collection  and  discharge  works  and  the  removal  of  11  houses.  Total 
first  costs  for  these  measures  are  estimated  at  $2,265,000. 

Reach  4  flood  barrier  measures  would  include  a  continuous  4,980-foot 
floodwall  [6]  with  an  average  height  of  6.4  feet  extending  from  the  Minnesota 
Avenue  closure  structure  northward  to  Sixth  Avenue  North  and  a  950-foot 
raise  of  Seventh  Street  [7]  between  the  Burlington  North  railroad  crossing 
and  U.S.  Highway  2.  Other  works  would  consist  of  five  closure  structures, 
including  a  rail  crossing,  Demers  Avenue  crossing,  street  crossing,  and 
two  building  access  closures.  Interior  drainage  works  would  include  a 
42,100-gpm  pumping  station  and  necessary  collector  and  discharge  works. 
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Three  commercial  structures  would  require  removal  from  the  floodwall  align¬ 
ment.  Total  first  cost  for  the  Reach  4  measures  is  estimated  at  $4,503,000. 

Considered  100-year  flood  barrier  works  along  Reach  5  (figure  3)  would 
include  a  2,260-foot  floodwall  [8]  with  an  average  height  of  11.6  feet  ex¬ 
tending  from  the  U.S.  Highway  2  embankment  northward  along  the  emergency 
flood  barrier  alignment  to  Riverside  Drive,  a  520-foot  levee  [9]  along  the 
existing  levee  alignment  between  Riverside  Drive  and  Lewis  Boulevard,  a 
1,250-foot  levee  [10]  along  the  existing  levee  alignment  between  Lewis 
Boulevard  and  North  2nd  Street,  an  800-foot  levee  [11]  with  an  average 
height  of  8  feet  extending  northwesterly  across  the  park  between  North 
2nd  Street  and  North  3rd  Street,  a  600-foot  levee  [12]  from  North  3rd 
Street  at  the  west  edge  of  the  park  extending  westerly  along  high  ground, 
thence  a  400-foot  floodwall  [13]  extending  southward  to  Alpha  Avenue,  an 
800-foot  raise  of  Alpha  Avenue  [14]  an  average  of  about  6  feet,  and  a 
1,400-foot  floodwall  [15]  with  an  average  height  of  5  feet  between  Alpha 
Avenue  and  North  20th  Street.  Related  measures  would  include  the  conver¬ 
sion  of  300  feet  of  local  street  to  flood  barrier  right-of-wav  [16]  between 
U.S.  Highway  2  and  Seward  Avenue  and  the  relocation  of  200  feet  of  River¬ 
side  Drive  north  of  Seward  Avenue.  Four  closure  structures  would  be  re¬ 
quired  at  three  locations.  Ten  homes,  nine  between  U.S.  Highway  2  and 
the  existing  flood  barrier  and  one  on  Alpha  Avenue,  would  be  relocated. 
Interior  drainage  measures  would  include  a  48,400-gpm  pumping  station 
and  attendant  collection  and  discharge  works.  Total  first  costs  for 
Reach  5  structural  measures  are  estimated  at  $5,312,000. 

Considered  100-year  structural  measures  to  reduce  flood  damages  along 
English  Coulee  (Reach  6)  would  include  an  80-foot  gated  control  structure 
[17]  across  the  coulee  together  with  6,500  feet  of  tie-back  levees  [18] 
to  high  ground  as  shown  on  figure  3.  The  control  structure  would  be  con¬ 
structed  of  compacted  fill  along  with  three  6-foot  diameter  gated  culverts 
to  pass  normal  flows.  The  tie-back  levees  would  have  an  average  height  of 
7.1  feet  eastward  to  Mill  Road  and  4.5  feet  westward  to  high  ground.  Also 
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included  would  be  the  temporary  ponding  of  interior  drainage  runoff  including 
the  undiverted  English  Coulee  flow.  Total  first  costs  for  these  measures 
excluding  the  cost  of  interior  drainage  are  estimated  at  $500,000. 

50-Year  Plan  -  Considered  50-year  structural  flood  damage  measures 
for  Reach  1  would  include  raising  Belmont  Road  [1]  an  average  of  5  feet 
over  a  distance  of  1,700  feet  between  17th  and  13th  Avenues  South  along  with 
a  road  ramp  at  15th  Avenue  South  and  raising  of  12  driveway  approaches. 

Also  included  would  be  a  7,900-gpm  interior  drainage  pumping  station  with 
attendant  collector  and  discharge  works  and  the  removal  of  approximately 
20  boulevard  trees  along  Belmont  Avenue.  Total  first  costs  for  these  mea¬ 
sures  are  estimated  at  $502,400  as  shown  on  table  A-l . 

An  alternative  flood  barrier  alignment  to  protect  Lincoln  Park  and 
negate  the  need  for  the  Belmont  Road  raise  was  also  formulated.  This  alter¬ 
native  would  include  raising  Park  Drive  [la]  over  a  distance  of  1,200  feet 
and  a  4,700-foot  floodwall  [lb]  with  an  average  height  of  13  feet  extending 
northward  along  the  riverbank  to  high  ground  at  Almonte  Avenue  extended  as 
shown  on  figure  4.  A  floodwall  was  first  considered  in  this  preliminary 
review  in  view  of  possible  unstable  riverbank  conditions.  If,  however, 
foundation  conditions  are  stable,  a  13-foot  high  levee  would  be  considerably 
less  expensive  but  would  require  removal  of  much  of  the  riverbank  tree 
cover.  Total  first  costs  for  this  Reach  1  alternative  would  be  $2,853,000 
and  $756,000  with  a  floodwall  and  levee,  respectively. 

Considered  50-year  flood  barrier  measures  to  upgrade  the  existing 
Lincoln  Park  levee  would  include  raising  the  existing  5,160-foot  levee 
and  770-foot  floodwall  [2]  an  average  vertical  distance  of  0.9  foot  to 
provide  3  feet  of  freeboard  over  the  50-year  flood  level.  Also  included 
would  be  a  30-foot  extension  of  the  floodwall  [3]  and  minor  modifications 
to  existing  interior  drainage  works.  Total  first  costs  for  these  additional 
Reach  2  measures  are  estimated  at  $131,000. 


Considered  50-year  flood  barrier  works  in  Reach  3  would  include  a 
1,800-foot  levee  [4]  with  an  average  height  of  7.3  feet  along  the  emergency 
levee  alignment.  Other  related  works  would  include  a  20-foot  wide  closure 
structure  at  Third  Street  extended  and  a  60-foot  wide  closure  across 
Minnesota  Avenue  and  interior  drainage  works  consisting  of  15,400  »m 
pumping  station  and  collector  and  discharge  facilities.  Total  first 
costs  are  estimated  at  $1,075,000. 

Measures  to  provide  a  50-year  level  of  protection  for  the  central 
business  district  (Reach  4)  would  include  a  100-foot  floodwnll  [5]  extend¬ 
ing  westward  from  the  Minnesota  Avenue  closure  structure,  a  2,300-foot 
floodwall  [6]  with  an  average  height  of  3.1  feet  extending  northward 
along  the  riverbank  from  a  point  200  feet  south  of  Demers  Avenue  to  a 
point  on  the  bank  across  from  North  Sixth  Avenue,  a  60-foot  closure 
structure  across  Demers  Avenue,  a  40-foot  wide  closure  across  Second 
Avenue,  a  building  access  closure  at  Fif th  Avenue,  and  the  removal  of 
one  structure  at  Fifth  Avenue  North.  Also  included  would  be  17,300-gpm 
pumping  station  with  attendant  collector  and  discharge  works  and  modifi¬ 
cations  to  existing  utilities.  Total  Reach  4  first  costs  would  lie 
$1 ,728,000. 

Reach  5  measures  would  include  a  2,260-foot  floodwall  [7]  with  an 
average  height  of  9.4  feet  between  U.S.  Highway  2  and  Riverside  Drive, 
a  520-foot  levee  [8]  between  Riverside  Drive  and  Lewis  Boulevard,  a 
1,250-foot  levee  191  with  an  average  height  of  7  feet  between  Lewis 
Boulevard  and  North  Second  Street,  an  800-foot  levee  [10]  with  an  average 
height  of  4  feet  extending  northwesterly  across  the  park  between  Second 
and  Third  Streets  North,  thence  a  600-foot  levee  111]  extending  westward, 
a  400-foot  floodwall  [12]  extending  southward  to  Alpha  Avenue,  and  a 
1,300-foot  raise  (3.7  feet)  of  Alpha  Avenue  [131.  Other  required  works 
include  the  conversion  of  300  feet  of  local  street  to  floodwall  right- 
of-way  | 14]  between U  .S .  H ighway  2  and  Seward  Avenue  and  the  relocation 
of  200  feet  of  Riverside  Drive  north  of  Seward  Avenue.  Four  closure 
structures  would  be  required  at  three  locations.  Ten  homes  would  be 
removed  from  the  flood  barrier  alignment.  A  44,000-gpm  interior 


drainage  pumping  station  would  remove  runoff  behind  the  flood  barrier.  Total 
first  costs  for  these  measures  are  estimated  at  $4,335,000  as  shown  in  table 
A-l 


Standard  Project  Flood  Plan  -  Protection  of  individual  reaches  at  Grand 
Forks  against  the  standard  project  flood  (SPF)  would  be  impossible  because 
of  the  flat  topography.  Thus,  the  standard  project  flood  barrier  would  be 
essentially  a  "ring"  barrier  system  around  the  city  as  shown  on  figure  5. 

This  system  would  include  a  4,260-foot  levee  [1]  with  an  average  height 
of  13.5  feet  along  the  riverbank  between  27th  Avenue  South  extended  and 
Belmont  Road,  a  400-foot  road  raise  [2]  over  Belmont  Coulee,  a  650-foot 
levee  [3]  eastward  from  Belmont  Road,  a  5,900-foot  floodwall  [4]  with  an 
average  height  of  about  15  feet  northward  to  the  park  access  drive  at 
Lincoln  Park,  a  3,800-foot  raise  of  Belmont  Road  with  an  average  height  of 
14.7  feet  [5],  a  3,150-foot  floodwall  [6]  with  an  average  height  of  13.7 
feet  eastward  from  Belmont  Road  to  the  existing  floodwall,  raising  of  the 
existing  floodwall  and  levee  [7]  about  12  feet,  a  3,040-foot  levee  [8]  with 
an  average  height  of  about  16  feet  around  Central  Park  to  Minnesota  Avenue, 
a  5,780-foot  floodwall  [9]  with  an  average  height  of  13.7  feet  between 
Minnesota  Avenue  and  7th  Avenue  North,  a  1,050-foot  road  raise  along  7th 
Avenue  [10],  a  2,260-foot  floodwall  [11]  with  an  average  height  of  18  feet 
between  U.S.  Highway  2  and  Riverside  Drive  at  Riverside  Park,  a  3,170- 
foot  levee  [12]  with  an  average  height  of  15  feet  between  Riverside  Drive 
and  a  point  600  feet  west  of  North  3rd  Street  at  the  west  end  of  the  River¬ 
side  Park,  thence  a  400-foot  floodwall  [13]  southward  to  Alpha  Avenue,  an 
800-foot  raise  (11  feet)  of  Alpha  Avenue  [14],  and  a  1,400-foot  floodwall 
[15]  from  the  Alpha  Avenue  raise  to  the  vicinity  of  North  20th  Street. 

From  that  point,  a  system  of  floodwalls  [16]  with  a  total  length  of  about 
2,900  feet  and  nine  closures  would  pass  between  Mill  Road  and  adjacent 
riverward  structures  to  a  point  on  Mill  Road  about  300  feet  north  of  27th 
Avenue  North.  A  7,500-foot  [17]  levee  would  then  extend  westward  to  the 
Interstate  Highway  29  (1-29)  embankment  along  with  closures  shown  on 
figure  5.  The  1-29  highway  embankment  between  27th  Avenue  North  and  47th 
Avenue  South  along  with  suitable  closures  would  be  used  as  a  flood  barrier. 


Lastly,  a  15,200-loot  raise  (6.6  feet)  of  47th  Avenue  South  [19]  between 
the  1-29  embankment  and  riverbank  levee  would  complete  the  system.  Other 
measures  would  include  an  extensive  interior  drainage  system,  numerous 
closures  as  shown  on  figure  5,  the  relocation  of  50  homes  and  other  struc¬ 
tures,  the  raising  ol  40  driveway  approaches,  and  required  utility  reloca¬ 
tions.  Total  first  costs  are  estimated  at  $68,384,000. 

From  table  7,  it  is  evident  that  substantial  amounts  of  floodwall  are 
required  in  Reaches  4  and  5.  Floodwall  is  considered  most  appropriate 
for  Reach  4  because  of  area  constraints  in  the  densely  developed  urban 
area.  Floodwall  in  lieu  of  levee  is  dictated  for  the  Riverside  Park  area 
primarily  because  ol  unstable  riverbank  conditions  in  contrast  to  the  Mill 
Road  area  where  space  limitations  require  a  floodwall.  Road  raises  are 
considered  in  Reach  1  (Belmont  Road  and  47th  Avenue  South)  and  in  Reach  5 
(Park  Drive  and  Alpha  Avenue)  to  reduce  acreage  requirements  and 
mature  tree  losses  in  Lincoln  and  Riverside  Parks,  respectively.  Stop-log 
closures  are  considered  lor  the  heavily  travelled  thoroughfares  whereas  road 
ramps  are  considered  to  suffice  for  slower  speed  and  less  frequently  traveled 
park  drives. 

Diversion  Channel 

A  diversion  channel  constructed  around  the  west  side  of  Grand  Forks 
(figure  3)  would  carry  all  Red  River  flood  flows  in  excess  of  Liu-  27,000- 
cfs  bank-lull  capacity.  The  13.7-mile  channel  would  commence  at  a  point 
about  1.5  miles  upstream  of  47th  Avenue  South  and  reenter  the  natural 
channel  at  a  point  3.2  miles  downstream  of  27th  Avenue  North  extended. 

The  channel  would  divert  47,000,  62,000,  and  199,000  cfs  for  the  50-year, 
100-year,  and  standard  project  flood  flows,  respectively.  The  grassed 
channel  would  be  trapezoidal  with  1  on  2.5  side  slopes  and  have  an  average 
depth  (with  2  feet  of  freeboard)  of  20  feet  and  average  bottom  widths  of 
730,  1,140  and  1,440  feet  for  the  50-vear,  100-vear  and  standard  project 
flood  flows,  respectively. 


The  considered  floodway  would  require  two  crossings  of  1-29  and  U.S.  High¬ 
way  81  and  one  crossing  of  U.S.  Highway  2.  The  considered  alignment  would 
also  cross  railroad  track  at  four  locations  and  numerous  county,  township, 
and  private  roads.  Local  drainage  ditches  along  with  English  Coulee  would 
require  adjustable  closures  at  their  intersection  with  the  diversion  channel. 
The  floodway  would,  in  addition  to  diverting  flood  flows,  possibly  serve  as 
a  repository  for  urban  stormwater  runoff  and,  if  water  were  allowed  to  remain 
in  the  channel,  a  partial  water  supply  for  selected  uses  and  open  water  body 
for  recreation  uses. 

To  divert  the  required  amount  of  floodwater  into  the  floodway,  a  movable 
gate  diversion  structure  approximately  700  feet  long  would  be  placed  across 
the  natural  Red  River  channel  at  the  point  of  diversion.  This  structure  would 
permit  normal  passage  of  flows  less  than  27,000  cfs. 

Reservoir  Storage 

Red  Lake  River  flows  account  for  about  45  percent  of  the  average  Red 
River  flow  at  Grand  Forks.  Of  the  50-year  and  100-year  Red  River  flows,  the 
Red  Lake  River  contributes  about  39  and  38  percent,  respectively.  Thus, 
it  appears  that  temporary  detention  of  Red  Lake  River  flood  flows  in  an  up¬ 
stream  reservoir  would  reduce  peak  flood  stages  at  Grand  Forks  and  East  Grand 
Forks . 

Similar  opportunities  for  temporary  floodwater  storage  exist  on  other 
major  tributaries;  authorized  detailed  planning  studies  are  under  way  for 
reservoirs  on  the  Wild  Rice  River,  Minnesota,  and  the  Sheyenne  River  in  North 
Dakota.  A  relatively  recent  unpublished  study  by  the  Corps  of  Engineers 
indicates  that  a  1.0-foot  reduction  in  peak  flood  stages  for  the  100-year 
flood  could  be  achieved  at  Grand  Forks  with  a  considered  reservoir  on  the 
upper  Red  Lake  River.  Current  studies  of  the  Wild  Rice  and  Sheyenne  reser¬ 
voirs  indicate  that  addition  100-year  stage  reductions  of  0.5  foot  could  be 
obtained  at  Grand  Forks  from  each  of  these  reservoirs. 
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Several  possible  modifications  of  the  Red  River  channel  through  the 
Grand  Forks-East  Grand  Forks  area  were  considered.  One  plan  would  include 
extensive  widening  and  deepening  measures  together  with  two  channel  cut¬ 
offs  across  channel  meanders  as  shown  on  I igure  3.  This  plan  would  require 
a  finished  channel  bottom  width  of  around  1,200  feet  to  pass  the  100-vear 
flood  discharge.  All  road  and  rail  bridges  crossing  this  reach  would  need 
extensive  modifications. 


Demers  Avenue  Bridge  -  East  Grand  Forks  approach.  Note 
commercial  development  at  bridge  approach. 

IMPACTS  OF  CONSIDERED  ALTERNATIVES 

NONSTRUCTURAL  ALTERNATIVES 

The  following  paragraphs  discuss  the  principal  economic,  environ¬ 
mental,  and  social  well-being  impacts  of  the  considered  alternatives. 

A  matrix  displaying  the  plan  effects  is  given  in  table  4.  Estimated 
average  annual  flood  damages  for  Reaches  1  thru  b  were  derived  from  ele¬ 
vation-discharge,  elevation-damage,  frequency-discharge  and  frequency- 
damage  relationships  displayed  on  figures  f> ,  7,  8,  9,  10,  and  11,  res¬ 
pectively.  Average  annual  present-condition  benefits  attributable  to 
the  considered  flood  damage  reduction  measures  are  also  shown  on  these 
same  plates.  Average  annual  damages  and  benefits  are  given  in  table 
A-6 . 
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REACH 


AVERAGE  ANNUAL  DAMAGES  *  136.600 

OCTOBER  1977  PRICES 


REACH  3 


COMPUTATION  OF  AVERAGE  ANNUAL 
DAMAGES  AND  BENEFITS 


DAMAGES  AND  BENEFITS 


COMPUTATION  OF  AVERAGE  ANNUAL 
DAMAGES  AND  BENEFITS 


To  maintain  the  current  situation  at  Grand  Forks  (i.e.,  the  no  action 
alternative)  would  include  continuance  of  existing  flood  insurance,  flood- 
plain  regulation,  and  emergency  flood  fight  and  disaster  relief  programs. 
Without  additional  measures,  the  city  of  Grand  Forks  remains  subject  to  sub¬ 
stantial  property  damage  and  hazards  to  public  safety.  Estimated  remaining 
average  annual  damages  with  the  no  action  alternative  exceed  $1  million. 

The  following  paragraphs  on  flood  warning  and  forecasting,  flood  insurance, 
floodplain  regulations  and  practices,  and  emergency  flood  fighting  and  relief 
activities  provide  a  discussion  of  the  residual  impacts  and  effects  expected 
with  sole  reliance  on  these  existing  measures. 

Flo od  Warning  and  Forecasting  Services 

The  costs  of  administering  the  flood  warning  and  forecasting  services 
are  borne  by  the  Federal  Government.  This  National  Weather  Service  program 
will  continue  to  be  invaluable  in  forecasting  the  timing,  incidence,  and 
expected  magnitude  of  impending  Red  River  flood  c rests  at  Grand  Forks.  By 
providing  ample  warning,  emergency  flood  fight  and  disnter  relief  acti¬ 
vities  may  be  undertaken  to  reduce  potential  flood  damage  and  threats  to 
public  health  and  safety.  However,  with  this  measure  alone,  substantial 
existing  development,  such  as  homes  (Reach  1),  businesses  (Reach  4),  and 
utilities  and  transportation  facilities  (all  reaches)  not  readily  protected 
against  flooding  would  remain  subject  to  damage.  Estimated  average  annual 
remaining  damages  (assuming  that  adequate  warnings  would  enable  a  partially 
successful  flood  fight  resulting  in  a  10-percent  reduction  in  damages)  would 
be  about  $967,000  (table  4).  Further,  the  periodic  commitment  of  emergency 
relief  activities  would  place  a  continued  burden  on  area  manpower,  financial 
and  material  resources.  Local  resources,  already  in  short  supply,  must  be 
periodically  and  inefficiently  diverted  from  ongoing  public  maintenance 
or  operation  programs  or  needed  capital  investment  projects  to  conduct  a 
temporary  flood  relief  program  at  Grand  Forks.  No  significant  adverse  or 
beneficial  environmental  impacts  would  result  from  this  continued  action. 

Flood  Insurance 


The  regular  phase  flood  insurance  program  in  effect  at  Grand  Forks 
compensates  enrolled  property  owners  for  flood  damages.  Recent  information 
indicates  a  relatively  small  enrollment  in  the  program  with  primary  emphasis 
on  new  floodplain  construction  and/or  major  remodeling  of  existing  structures. 
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This  program  does  not  reduce  the  actual  threat  of  property  damage  or 
hazards  to  public  health  and  safety.  The  worry  and  anxiety  during 
floods  would  continue.  Remaining  average  annual  damages  of  about 
$1,074,000  are  anticipated  with  this  program  and  current  floodplain 
regulations  in  effect.  No  significant  environmental  changes  are 
expected  as  a  result  of  continued  local  involvement  in  this  program. 

Floodplain  Regul jiti on s_  a nd_  Prac  t  ice s 

Regulations  are  in  effect  as  discussed  earlier  and  will  continue 
to  ensure  that  future  development  in  the  floodplain  will  compl\  with 
zoning,  subdivision,  and  building  code  provisions  to  minimize  future 
flood  damages.  Costs  of  this  program  are  largely  borne  by  the  city 
with  some  reimbursement  by  individuals  for  permits  and  inspection 
services.  Although  expected  to  be  effective  for  new  development  or 
major  modifications  to  existing  floodplain  development,  this  measure 
would  not  materially  reduce  potential  flood  damages  to  the  substantia] 
existing  public,  and  private  flood-prone  development.  Further,  the  con 
stant  threat  to  public  health  and  safety  resulting  from  attempted 
access  to  and  from  flooded  structures,  electrical  shock  hazards,  etc., 
would  remain  as  is.  Average  annual  damages  with  this  alternative  re¬ 
main  at  about  $1,074,000. 

E  va  c  uat_i  o  n  aji d  Relocation 

Total  initial  costs  in  excess  of  $8b  million  would  be  shared  on  a 
assumed  80-percent  Federal /20-percent  non-Fedora  1  basis.  Subsequent 
annual  costs  for  management  of  the  new  open  space  and  recreation  areas 
would  be  a  non-Federal  or  city  expense.  This  alternative  would  nearly 
eliminate  recurring  flood  damages  except  for  remaining  damages  to  publ 
utilities  and  transportation  facilities  but  result  in  a  multi-year  dis 
ruption  of  the  city's  and  region's  financial  and  retail  trade  base  wit 
removal  and  relocation  of  the  downtown  business  area.  It  would  also 
result  in  a  sharp  drop  in  area  employment  and  income  because  of  lost 
employment  opportunities.  The  excavated  areas  would  probably  benefit 
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biologically  as  a  result  of  a  slow  reinvaslon  of  biotic  communities.  But, 
in  turn,  the  new  farmland  area  required  for  relocation  of  the  several  hundred 
structures  would  result  in  loss  of  productive  cropland  and  wildlife  habitat 
(principally  fencerows  and  windbreaks).  The  urbanized  area  would  experience 
a  sudden  gain  in  parkland  area,  not  a  critical  need  at  present. 

The  considered  relocation  of  over  8,400  residents  would  have  a  long-term 
adverse  effect  on  established  community  cohesion  and  result  in  the  injurious 
displacement  of  people  away  from  their  current  focus  of  employment  and  social 
activity.  It  would  require  the  construction  of  a  new  transportation  and 
utility  network  at  immense  local  and  Federal  expense.  It  is  considered  very 
unlikely  that  the  Grand  Forks  community's  financial  and  other  resource  base 
could  support  a  massive  relocation. 

Flood  Proofing 

Flood  proofing  costs  (table  4)  would  also  be  shared  on  an  assumed  80- 
percent  Federal/20-percent  non-Federal  basis.  Total  average  annual  flood 
damage  reduction  benefits  with  this  alternative  are  estimated  at  $966,000. 

A  comparison  of  these  benefits  with  related  average  annual  costs  of  $3,143,000 
indicates  an  unfavorable  benefit-cost  ratio  of  0.3.  Further,  a  significant 
potential  for  hazards  to  public  safety  and  health  would  remain  with  dangerous 
and  interrupted  access  to  inaccessible  flood-proofed  structures  during 
flooding,  vector  production,  electrocution  potential,  and  damage  to  trans¬ 
portion  and  utility  facilities.  Flood  proofing  of  selected  residential 
structures  along  English  Coulee  between  North  6th  and  11th  Avenues,  com¬ 
mercial  structures  along  Shakespeare  Road  south  of  U.S.  Highway  2,  commercial 
structures  just  downstream  of  U.S.  Highway  2,  and  commercial-industrial 
structures  near  the  mouth  (U.S.  Highway  81  and  Mill  Road  area)  appears  more 
practical  for  the  scattered  structures  in  these  areas  of  Reach  6.  These 
areas  are  not  as  severely  affected  by  rapid  overland  flows,  and  most  of  these 
structures  border  the  100-year  floodplain  and  are  generally  accessible  to 
immediate  high  ground.  Flood  proofing  of  50  to  60  residential  structures 
along  Olson  and  Elmwood  Drives  along  Belmont  Coulee  also  appears  to  present 
the  most  technically  and  economically  viable  course  of  action  for  these 
areas. 
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Emergency  Flood  Fighting  and  Relief  Activities 

This  alternative,  conducted  on  an  as  needed  basis  in  accordance  with 
prior  flood  warnings,  would  generally  be  a  local  effort  with  assistance 
from  State  and  Federal  agencies.  This  plan  would  modestly  reduce  flood 
damages  (emergency  barriers  considered  practical  up  to  about  the  50-year 
flood  level).  Resultant  plan  ]00-year  benefits  would  include  about 
$249,000  in  reduced  damages  up  to  the  50-year  level  plus  $56,000  attri¬ 
butable  to  reduced  damages  between  the  50-year  and  100-year  flood  levels 
resulting  from  the  temporary  relocation  of  some  building  contents  from 
threatened  areas.  A  potential  for  severe  economic  flood  losses  and  threats 
to  public  health  and  safety  exists  with  any  construction  of  emergency 
barriers  in  this  area  because  widespread  adverse  riverbank  foundation  con¬ 
ditions  could  easily  result  in  failure  of  the  hastily  constructed  barrier. 
Failure  of  an  emergency  barrier  containing  a  high  flood  flow  would  result 
in  extensive  losses  caused  by  the  sudden  onrush  of  suddenly  released  flood- 
waters  in  what  were  considered  "protected"  areas.  Those  measures  could 
constitute  a  false  sense  of  security  against  flood  damage  for  area  residents, 
thus  requiring  very  careful  planning  and  implementation  on  a  continuing 
basis . 

STRUCTURAL  ALTERNATIVES 

Flood  Barriers 

The  considered  flood  barrier  systems  would  effectively  reduce  flood 
damages  for  the  50-year,  100-year,  and  standard  project  flood  levels. 
Protection  of  individual  reaches  could  practically  be  accomplished  up  to 
the  50-year  flood  level.  A  100-year  level  of  protection  could  be  pro¬ 
vided  for  Reaches  1,  2,  5,  and  6  with  a  combined  barrier  plan  required  for 
Reaches  3  and  4.  A  standard  project  flood  level  of  protection  can  realis¬ 
tically  be  considered  only  for  the  entire  Mood-prone  area.  A  summary  ol 
total  100-year  plan  first  costs.  Federal  I  irsl  costs,  and  non-Fedora  1 
first  costs  for  Reaches  1  through  5  is  given  in  table  4.  Cost  data  for 
Reach  6  measures  will  be  determined  in  future  studios  after  development  of 
a  suitable  interior  drainage  plan. 
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The  considered  50-  and  100-year  flood  barriers  would  provide  varying  de¬ 
grees  of  flood  damage  reduction  benefits  in  the  study  reaches.  A  summary  of 
reduced  flood  damages  for  the  50-  and  100-year  flood  levels  is  given  in 
table  8.  The  derivation  of  flood  damage  reduction  benefits  for  Reaches  ] 
through  6  is  illustrated  on  figures  6  through  11. 

From  table  8  it  is  evident  that  total  50-  and  100-year  average  annual 
flood  damages  for  all  reaches  would  be  reduced  23  and  44  percent,  respectively. 
100-year  flood  damage  reduction  in  percent  for  individual  reaches  is  given 
in  table  A-2.  Total  average  annual  benefits  attributable  to  protection  against 
a  standard  project  level  flood  would  be  approximately  $966,700  representing 
a  90-percent  reduction  in  average  annual  flood  damages. 

The  considered  flood  barrier  measures  would  reduce  the  recurring  threat 
to  public  health  and  safety  and  disruptions  to  established  community  patterns 
during  flood  emergencies.  The  forced  displacement  of  people,  hasty  construc¬ 
tion  of  emergency  barriers,  disrupted  traffic  patterns,  and  postflood  clean¬ 
up  would  essentially  be  eliminated. 

The  50-year  flood  barrier  would  be  the  least  obtrusive  in  terms  of 
height  ranging  from  3  feet  in  Reach  4  to  1 5  feet  in  Reach  5  (where  the 
average  height  is  6.8  feet)  and  require  about  17  acres  of  land  (including 
7.4  acres  for  road  raises)  and  nine  transportation  route  and  building 
access  closure  structures.  Moderate  tree  losses  would  occur  in  the  vicinity 
of  the  Belmont  Road  raise  (Reach  1)  and  Riverside  Park.  About  20  boulevard 
trees  would  be  removed  along  Belmont  Road  with  minor  long-terr  losses  to 
small  mammal  and  songbird  habitat.  Vegetative  and  habitat  losses  in  the 
Central  and  Riverside  Park  areas  would  be  minimal  because  the  levee  and 
floodwall  alignment  is  occupied  by  the  emergency  levees .  A  total  of  10  re¬ 
sidences  and  1  commercial  structure  would  have  to  be  removed  from  Reaches 
1  through  5. 

The  alternative  flood  barrier  alignment  to  include  protection  of  Lincoln 
Park  would  eliminate  the  need  for  a  Belmont  Road  raise  with  12  related  drive¬ 
way  grade  raises.  However,  a  levee  along  the  riverbank  would  require  the 
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removal  of  an  estimated  8.6  acres  of  mature  tree  cover  with  associated  long¬ 
term  habitat  losses.  Increased  first  costs  of  this  Reach  1  alternative  (50- 
year)  incorporating  a  levee  around  the  park  would  be  approximately  $367,000. 
Periodic  flooding  of  Lincoln  Park,  principally  the  golf  course,  results  in 
the  periodic  loss  of  income  to  the  city  and  expenses  for  cleanup  of  mulch 
and  debris  and  repairs  of  golf  course  greens  and  grounds.  Protecting  the 
park  from  a  50-year  flood  would  result  in  average  annual  benefits  of  about 
$6,000  and  an  incremental  benefit-cost  ratio  of  0.24. 

The  100-year  flood  barrier  would  be  continuous  along  the  river  from 
the  vicinity  of  Belmont  Road  and  17th  Avenue  South  northward  to  the  vicinity 
of  20th  Avenue  North  and  Mill  Road  in  Reach  5.  Another  levee  extending 
westward  from  Mill  Road  together  with  a  closure  structure  across  English 
Coulee  would  prevent  backup  of  Red  River  floodwaters  into  Reach  6.  A  total 
of  19  driveway  raises  and  2  street  intersection  raises  would  be  required  with 
an  extended  Belmont  Road  raise.  Vegetation  and  associated  habitat  losses 
along  Belmont  Road  and  other  reaches  would  be  similar  to  the  50-year  plan 
effects.  An  estimated  41  homes,  (2,  18,  11,  and  10  in  Reaches  1,  2,  3,  and 
5,  respectively)  would  need  to  be  removed.  Only  minor  vegetative  losses 
would  be  experienced  in  Reach  4  because  this  riverbank  area  is  heavily  deve¬ 
loped  with  roads,  railways,  and  utilities  and  largely  devoid  of  appreciable 
tracts  of  ground  cover.  With  average  barrier  heights  ranging  from  5.3  feet 
in  Reach  4  to  16  feet  in  Reach  5,  visual  access  to  the  river  would  be 
severely  affected.  An  estimated  27  acres  of  land  (including  11  acres  for 
road  raises  and  other  facilities)  would  be  converted  to  permanent  flood 
damage  reduction  uses.  The  100-year  flood  barriers  at  Grand  Forks  together 
with  the  existing  levee  at  East  Grand  Forks  would  increase  flood  levels 
less  than  0.2  foot  over  the  existing  condition  100-year  flood  level. 

As  for  the  50-year  Reach  1  flood  barrier  plan,  a  100-year  flood  barrier 
(road  raise  and  levee)  around  Lincoln  Park  would  eliminate  the  need  for  rais¬ 
ing  Belmont  Road.  However,  in  contrast  to  increased  50-year  plan  first 
costs  with  this  modification,  a  Reach  1  100-year  flood  barrier  deluding 
protection  of  the  park  would  result  in  a  total  savings  in  first  costs  of 
about  $247,000.  A  levee  around  Lincoln  Park  would  remove  between  10  and 
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11  acres  of  mature  overstory  with  related  habitat  losses  but  would  negate 
the  need  for  19  driveway  grade  raises  and  the  removal  of  2  homes. 

A  comparison  of  incremental  costs  and  benefits  indicates  benefit- 
cost  ratios  of  0.3  and  0.4  for  the  Belmont  Road  raise  and  Lincoln  Park 
flood  barrier  proposals,  respectively. 

A  comparison  of  economic  data  including  100-vear  benefit-cost  ratios 
for  the  individual  Reaches  1  through  5  is  given  in  table  A-2  of  Attachment 
A. 

The  considered  standard  project  flood  level  barrier  (average  height 
of  8.2  feet  in  Reach  1  to  21  feet  in  Reach  3)  would  require  the  removal  of 
about  50  homes  and  numerous  road  and  building  access  closure  structures 
ns  shown  on  figure  5.  Required  road  raises  .along  Belmont  Road  would  re¬ 
quire  removal  of  four  homes  to  accommodate  intersecting  street  ramps. 

All  boulevard  trees  along  the  raised  road  would  be  lost.  Required  closures 
along  U.S.  81  (north  and  south)  and  I'.S.  Highway  2  (at  1-29)  would  result 
in  travel  disruptions  and  isolate  the  community  for  at  least  a  brief 
period.  Major  vegetative  ground  cover  losses  would  generally  be  limited 
to  the  Central  Park  and  Belmont  Road  areas.  An  estimated  104  acres  of 
land  would  be  required.  The  high  flood  barriers  required  would  nearly  eli¬ 
minate  view  of  the  river  in  all  areas.  The  alternative  barrier  incorporating 
a  levee  around  Lincoln  Park  would  reduce  total  first  costs  to  about  $1.1 
mi  1 1  ion . 

Diver  si  ojn  Channel 

The  diversion  channel  would  reduce  flood  damages  at  both  Orand  Forks 
and  F.nst  Grand  Forks  hut  only  with  extensive  downstream  main  stem  levees  and 
channel  works.  With  these  additional  measures,  this  alternative  could  pro¬ 
vide  an  estimated  total  100-year  flood  damage  reduction  benefit  to  Grand 
Forks  and  East  Grand  Forks  of  about  $1,402,000.  With  water  retained  in  the 
diversion  channel  during  non-flood  periods,  the  channel  could  possibly 
also  serve  as  supplementary  water  supply  and  water  body  for  open  water 


recreation  uses.  With  allowances  for  required  storage,  the  channel  would 
also  serve  as  an  outlet  for  urban  stormwater  drainage  from  contributing 
areas  primarily  west  of  the  urbanized  Grand  Forks  area. 
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Conversely,  the  required  channel  excavation,  related  bridge,  and 
other  works  would  be  grossly  economically  infeasible  recognizing  all  pre¬ 
viously  described  benefits.  Construction  of  the  13-mile  channel  would 
require  over  2,000  acres  of  land  presently  in  agricultural  use  or  being 
converted  to  urban  uses.  Total  required  bridge  crossings  would  exceed  6 
miles  in  length  at  a  first  cost  in  excess  of  $71  million.  English  Coulee 
and  other  drainage  systems  would  require  extensive  modifications.  Major 
channel  clearing,  widening,  and  deepening  measures  along  the  river  down¬ 
stream  of  the  diversion  would  remove  all  river  corridor  forest  cover  and 
related  habitat  for  several  miles  downstream. 

An  alternative  11-mile  floodwater  diversion  channel  around  East  Grand 
Forks  would  require  the  same  downstream  channel  measures  together  with  ex¬ 
tensive  control  and  diversion  works  at  its  junction  with  the  Red  Lake  River. 
Required  bridge  crossings  would  be  somewhat  reduced,  with  three  major  highway 
crossings  (U.S.  Highway  2,  State  Highway  220)  and  three  county  highway 
crossings  (County  Highways  17,  19,  and  6A) ,  plus  crossings  of  local  routes 
and  two  railroad  tracks.  Habitat  losses  would  be  considerably  greater  with 
the  added  permanent  disruption  of  the  Red  Lake  River  corridor  in  the  area 
of  the  diversion  channel  crossing. 

Reservoir  Storage 

A  recent  unpublished  study  indicates  that  a  considered  upper  Red  Lake 
River  reservoir  would  decrease  flood  peaks  1  foot  and  decrease  average 
annual  flood  damages  $250,000  at  Grand  Forks-East  Grand  Forks.  Current 
studies  of  authorized  projects  on  the  Wild  Rice  and  Sheyenne  Rivers  indicate 
additional  stage  reductions  of  0.5  foot  from  each  reservoir  and  average 
annual  damage  reductions  of  $90,000  and  $100,000,  respectively.  However, 
the  Upper  Red  Lake  Reservoir  is  not  considered  probable  in  the  near  future 
because  it  was  not  economically  feasible,  and  operational  storage 
on  the  Wild  Rice  and  Sheyenne  Rivers  is  not  expected  for  several  years. 


No  significant  adverse  or  beneficial  environmental  impacts  on  the 
study  area  are  expected  from  these  measures.  Related  effects  in  the 
considered  reservoir  areas  have  been  assessed  separately  in  studies  of 
those  reservoirs. 

ChanneJ  Mod  ijioyitiojis 

Major  channel  modifications  .alone  through  the  Grand  Forks-East 
Grand  Forks  area  would  have  significant  adverse  environmental  impacts. 

The  required  channel  would  require  removal  of  most  forest  cover  along 
the  river  corridor  with  associated  small  mammal  and  bird  habitat  and 
aesthetic  losses.  Extensive  developed  parkland  in  both  communities 
would  be  a  locational  problem  and  furtluc  reduce  wildlife  habitat. 
Creation  of  the  two  channel  cutoffs  would  involve  the  outright  purchase 
of  adjoining  Minnesota  land  or  a  mutually  agreeable  trade.  The  con¬ 
sidered  cutoff  near  Lincoln  Park  (see  figure  3)  would  benefit  Lincoln 
Park  with  the  possible  addition  of  about  20  acres  if  legal  and  institu¬ 
tional  restraints  were  resolved.  The  considered  channel  modifications 
would  be  considered  further  in  stage  3  studies  based  on  detailed 
economic,  topographic,  and  hydraulic  data. 

Required  raising  of  the  Demers  Avenue  bridge  by  about  8  feet  to  pass 
the  100-year  flood  flow  would  result  in  either  steep  grade  transitions  at 
each  end  along  with  the  loss  of  adjoining  commercial  property  or  more 
gradual  transitions  but  with  much  greater  adjacent  property  losses. 

EVALUATION  OF  ALTERNATIVES 

All  of  the  alternatives  were  evaluated  on  the  basis  of  satisfying 
the  formulation  and  evaluation  criteria  1  isted  earlier.  Prineipal  plan 
impacts  were  analyzed  in  rel  it  ion  to  these  criteria  as  discussed  in  the 
following  paragraphs. 


f 


AD-A1 10  363 


CORPS  OF  ENGINEERS  ST  PAUL  MN  ST  PAUL  DISTRICT  F/G  13/2 

GRAND  FORKS  -  EAST  GRAND  FORKS  URBAN  MATER  RESOURCES  STUDY.  FLO— ETC  (U) 
JUL  81 


1 


UNCLASSIFIED 


fit 


NONSTRUCTURAL  ALTERNATIVES 


Of  the  nonstructural  alternatives  considered,  only  permanent  evacuation 
of  the  floodplain  and  emergency  flood  fight  activities  would  provide  an  ap¬ 
preciable  degree  of  flood  damage  reduction  for  the  entire  flood-prone  area. 
Flood  proofing  measures,  while  not  a  total  area  solution,  would  reduce  flood 
damages  in  selected  areas  of  flood  damage-prone  development.  Flood  warning 
and  forecasting  alone  would  not  reduce  flood  losses  nor  enhance  area  environ¬ 
mental  qualities,  but  would  serve  as  an  invaluable  complement  to  other  mea¬ 
sures  to  achieve  a  total  plan.  Similarly,  flood  insurance  and  floodplain 
regulations  reduce  economic  losses  to  future  floodplain  development,  but 
alone  cannot  protect  existing  development.  Floodplain  management  measures 
such  as  zoning  and  subdivision  regulations  would  aid  in  protecting  biolog¬ 
ically  sensitive  wetland  areas  from  future  unwise  development.  Thus,  these 
existing  measures  will  serve  as  effective  partial  "tools"  for  comprehensive 
floodplain  management  at  Grand  Forks. 

Emergency  flood  barriers  at  Grand  Forks  would  reduce  flood  damages  up 
to  about  the  50-year  flood  level.  .For  forecasted  stages  beyond  this  level, 
threatened  areas  would  be  evacuated  temporarily.  Total  benefits  attributable 
to  these  measures  are  estimated  at  about  $305,000.  A  comparison  of  average 
annual  benefits  of  $305,000  with  associated  annual  costs  of  about  $262,000 
indicates  a  favorable  benefit-cost  ratio  of  about  1.2. 

Although  effective  against  flooding,  permanent  evaucation  of  the  Grand 
Forks  floodplain  would  result  in  a  major  upheaval  of  the  city's  economic 
and  social  system.  Although  this  plan  would  substantially  increase  open- 
space  areas,  the  city  would  oppose  it  for  reasons  of  economic  loss,  local 
financial  incapability,  and  adverse  property  and  population  displacement. 
Local  residents  could  also  expect  to  oppose  a  plan  adversely  affecting  their 
economic  and  social  condition.  Thus,  a  permanent  total  evacuation  plan  is 
considered  economically  infeasible  and  socially  unacceptable  in  solving  the 
recurring  flood  problem  at  Grand  Forks. 
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Flood  proofing  of  suitable  structures  could  reduce  damages  in  most 
areas  of  Grand  Forks  but  only  at  greater  individual  expense  and  incon¬ 
venience.  Reduction  of  economic  flood  losses  to  individual  properl  ies 
would  not  rel ieve  the  periodic  worry  or  anxiety  associated  with  major 
flooding  nor  reduce  the  real  threat  to  public  health  and  safety.  bocal 
residents  could  be  expected  to  oppose  an  enforced  plan  requiring  major 
modifications  to  river-oriented  walkouts  and  other  improvements  adverse¬ 
ly  affecting  property  aesthetic  values.  Flood-proofing  regulations  re¬ 
cently  enacted  bv  the  city  will  be-  el  lective  for  future  new  development 
but  do  little  for  present  structures.  Only  in  selected  areas  of  Reach  h 
and  the  Olson  and  Flmwood  Drive  areas  of  Reach  1  does  flood  proofing 
appear  effective  on  a  broader  scale  for  scattered  clusters  of  resid¬ 
ences  and  business  development. 

COMBINED  NONSTRUCTURAL  ALTERNATIVES 

Of  the  11011st  ructura  I  alternatives,  none  alone  would  meet  area  Mood 
damage  reduction  needs.  Combinations  of  these  measures  were  then  con¬ 
sidered.  Flood  warning  and  forecasting  services  along  with  the  current 
flood  insurance  program  and  floodplain  regulations  require  tit'  real  addi¬ 
tion  in  capital  outlay  but  would  do  little  to  reduce  potential  losses  to 
present  development.  Emergency  flood  fight  activities,  including  the 
use  of  temporary  barriers  up  to  the  SO-vear  flood  level,  could  reduce 
flood  damages  in  the  area.  A  combined  evacuation-flood  proofing  plan 
would  reduce  the  adverse  dislocation  and  financial  consequences  but  still 
only  at  tota'  costs  greatly  exceeding  economic  justification  and  local 
financial  capability.  Thus,  for  Grand  Forks,  future  stage  3  studies  oi 
nonstructura 1  alternatives  should  consider  only  emergency  flood  fight 
activities  and  flood  proofing  of  selected  concentrations  of  damage-prone 
property  in  Reach  I  (east  of  Belmont  Road)  and  Reach  6  (Boyd  Drive  between 
6th  and  11th  Avenues,  Shakespeare  Road,  and  near  the  mouth  of  the 
Engl ish  Coulee) . 

STRUCTURAL  ALTERNATIVES 

Structural  measures  including  floodwalls,  levees,  road  raises,  and/ 
or  various  combinations,  together  with  necessary  interior  drainage 


measures,  would  provide  a  technically  feasible  means  of  reducing  flood 
damages.  All  reaches  could  be  individually  protected  at  the  50-year 
flood  level.  For  a  100-year  level  of  flood  damage  reduction.  Reaches 
1  (part),  2,  5,  and  6  could  be  practically  protected.  A  combined  barrier 
plan  would  probably  be  required  for  Reaches  3  and  4. 

Economic  feasibility  based  on  an  analysis  of  present  condition  flood 
damages  and  related  benefits  is  indicated  only  for  Reach  2  at  the  50- 
year  flood  level  as  indicated  by  a  1.09  benefit-cost  ratio  (see  table  A-2 , 
Attachment  A).  A  50-year  level  of  flood  damage  reduction  for  Reaches  3 
and  4  may  be  economically  feasible  recognizing  benefits  attributable  to 
to  future  growth.  Similarly,  and  if  further  study  indicates  a  suitable 
100-year  flood  barrier  tie-in  to  high  ground  at  Minnesota  Avenue,  a  100- 
year  level  of  structural  protection  may  be  economically  feasible  for 
Reach  4  with  the  inclusion  of  benefits  attributable  to  reduced  damages 
to  future  development. 

Economic  feasibility  for  Reach  1  measures  incorporating  a  raise  of 
Belmont  Road  is  clearly  lacking  for  both  the  50-  and  100-year  flood  levels 
as  indicated  by  respective  benefit-cost  ratios  of  0.59  and  0.37  (table 
A-2).  Alternate  50-year  flood  damage  reduction  measures  incorporating 
a  road  raise  and  levee  around  Lincoln  Park  would  increase  total  Reach  1 
first  costs  by  about  50  percent  with  a  resultant  benefit-cost  ratio  of 
about  0.4.  Conversely,  these  same  alternative  Reach  1  measures  for  the 
100-year  flood  level  would  reduce  total  first  costs  by  about  28  percent 
with  a  resultant  benefit-cost  ratio  of  about  0.5. 

A  standard  project  flood  level  of  protection  for  the  entire  flood- 
prone  area  could  be  provided  only  with  substantial  modifications  of 
existing  transportation  routes;  relocation  of  over  50  homes;  impaired 
property  use  with  numerous  driveway  raises  along  Belmont  Road  and  47th  Avenue 
South;  and  the  major  loss  of  trees  along  Belmont  Road,  in  the  park  areas, 
and  on  residential  property.  However,  this  level  of  protection  would  not 
be  economically  feasible  as  indicated  by  a  benefit-cost  ratio  of  about  0.2. 
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As  previously  discussed,  a  diversion  channel  around  ('rand  Forks  would 
he  both  technically  and  economically  infeasible.  It  would  probably  be 
locally  unacceptable  because  of  high  local  costs  ($2.5  million  total  local 
first  costs)  and  extensive  land  requirements.  Thus,  this  alternative  is 
not  considered  further  either  alone  or  in  combination  with  any  other  mea¬ 
sure.  Similarly  a  diversion  of  Red  River  flood  flows  around  East  Grand 
Forks  is  considered  to  be  physically  impractical,  economically  infeasible, 
and  excessively  environmentally  disruptive.  However,  a  diversion  of  Red 
Lake  River  flood  flows  around  East  Grand  Forks  via  the  Grand  Marais  Coulee 
drainage  course  may  have  considerable  merit  and  should  be  investigated  in 
stage  3  studies. 

Upstream  reservoir  storage  is  physically  capable  of  meeting  about 
one-half  of  the  area’s  flood  damage  reduction  needs.  However,  the  domo- 
strated  infeasibilitv  of  storage  on  the  Red  Lake  River  and  uncertain  timing 
of  authorized  Wild  Rice  and  Shevenne  improvements  do  not  make  this  a  viable 
solution  for  at  least  the  next  10  to  15  years.  If  and  when  ultimately 
realized,  these  latter  two  improvements  in  concert  with  main  stem  flood 
barriers  at  Grand  Forks  could  reduce  damages  from  the  lower  frequency 
floods.  However,  at  this  time,  upstream  reservoir  storage  is  not  considered 
an  effective  total  plan  for  flood  damage  reduction  at  Grand  Forks. 

Channel  modifications  alone  as  described  would  be  economically  un¬ 
justified  and  impractical  in  terms  of  the  required  1,000-  to  1,200-foot 
channel  width  and  related  bridge  modifications.  This  alternative  would 
also  probably  be  vigorously  opposed  by  both  communities  because  it  would 
eliminate  the  existing  riverine  community  locus  and  it  has  unfavorable 
local  financial  requirements.  Thus,  channel  modifications  alone  are  not 
considered  further  as  a  viable  measure  for  flood  damage  reduction.  How¬ 
ever,  a  combination  of  selected  channel  improvement  measures  together 
with  required  bridge  modifications  and  flood  barriers  may  be  feasible 
and  should  be  further  investigated  in  detail  in  stage  3  studies. 


if 
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CONTRIBUTION  OF  ALTERNATIVES 
TO  NATIONAL  OBJECTIVES 

The  selected  plan  for  effective  and  permanent  floodplain  management 
in  Grand  Forks  must  satisfy  the  specific  objectives  for  the  study  area 
listed  earlier  and  provide  positive  contributions  to  the  NED,  EQ,  regional 
development,  and  social  well-being  objectives.  Separate  plans  —  one 
optimizing  economic  efficiency,  the  other  emphasizing  environmental  quality  -- 
were  developed.  Through  a  series  of  trade-offs  among  public  preferences 
expressed  at  meetings  of  18  January  and  23  March  1978  and  beneficial-adverse 
plan  impacts  (see  table  A),  the  plan  which  contributed  most  to  the  local  and 
national  planning  objectives  was  developed  in  accordance  with  the  system  of 
accounts  procedure  established  by  the  U.S.  Water  Resources  Council. 

NATIONAL  ECONOMIC  DEVELOPMENT  (NED)  PLAN 

The  NED  plan  must,  from  the  national  point  of  view,  represent  the  max¬ 
imum  return  on  the  investment  of  economic  resources  including  capital,  labor, 
and  irreplaceable  resources  required  for  construction. 

Of  all  the  alternatives  considered,  a  plan  including  emergency  flood 
fight  and  disaster  relief  activities  is  the  only  total  plan  that  would  be 
economically  feasible.  The  NED  plan  would  specifically  provide  for  the 
raising  and  strengthening  of  emergency  barriers  up  to  the  50-year  flood 
level  along  existing  alignments  in  Reaches  3  and  5,  a  1,000-foot  temporary 
earthen  barrier  either  along  or  alongside  3rd  Street  in  Reach  A  between 
Division  and  Minnesota  Avenues,  a  temporary  earthen  barrier  along  Belmont 
Road  (Reach  1)  between  13th  and  17th  Avenues  South,  and  an  800-foot  temporary 
earthen  barrier  along  Alpha  Avenue  between  North  Ath  and  6th  Streets  in 
Reach  5.  When  imminent  stages  exceeding  the  50-year  flood  level  are  fore¬ 
cast,  all  residents  would  be  evacuated  from  the  flood-prone  areas.  Removal 
of  building  contents  to  either  higher  flood  elevations  or  outside  the  flood- 
prone  areas  would  be  left  to  individual  choice  as  time  and  transport  facili¬ 
ties  would  permit.  The  NED  plan  would  also  include  nonstructural  measures 
currently  in  effect  such  as  flood  forecasting,  flood  insurance,  and  zoning 
and  subdivision  regulations. 
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ENVIRONMENTAL  QUALITY  (EQ)  PLAN 

The  EQ  flood  damage  reduction  plan  for  Grand  Forks  is  the  plan  that 
would  satisfy  the  area's  floodplain  management  objective  while  enhancing 
environmental  quality  through  the  preservation  or  enhancement  of  important 
natural  and  cultural  resources  and  ecological  systems.  The  EQ  plan  would 
also  minimize  adverse  effects  on  environmental  quality.  The  selected  en¬ 
vironmental  quality  alternative  was  the  alternative  that  was  initially 
least  environmentally  disruptive  to  the  existing  project  area  setting  on 
the  basis  of  a  preliminary  assessment  of  area  environmental  conditions 
and  expected  plan  impacts. 

From  the  analyses  of  alternatives  considered  further  for  principally 
flood  damage  reduction,  it  was  determined  that  the  EQ  plan  would  also  in¬ 
clude  the  emergency  flood  fight  and  disaster  relief  activities  measures  as 
outlined  for  the  NED  plan.  Construction  of  the  temporary  barriers  along 
existing  flood  barrier  alignments  and  city  streets  is  considered  to  be  t hi* 
least  environmentally  disruptive  since  these  areas  are  either  presently 
paved  or  otherwise  devoid  of  native  vegetation.  The  EQ  plan  would  also 
incorporate  other  floodplain  management  measures  such  as  flood  insurance 
and  zoning  and  subdivision  regulations  to  restrict  unwise  future1  damage- 
prone  development  and  reduce  the  future  flood  damage  potential.  Also 
included  would  be  aesthetic  treatment  measures  such  as  tree  and  shrub 
plantings  to  minimize  the  visual  impact  of  any  emergency  harriers  left 
in  place. 


PLAN  SELECTION 


Selecting  the  most  technically  practical,  economically  efficient, 
and  locally  desirable  alternative  for  further  investigation  in  stage  3 
studies  involved  the  comparison  of  alternatives  which  satisfied  the  esta¬ 
blished  local,  regional,  and  national  planning  objectives  and  formula¬ 
tion  and  evaluation  criteria.  Of  the  measures  considered,  a  plan  incor¬ 
porating  emergency  flood  fight  and  disaster  relief  activities,  together 
with  related  aesthetic  measures  and  the  continuance  and  expansion  of 
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local  flood  forecasting,  flood  insurance,  and  floodplain  management  programs 
is  considered  in  balance  to  bo  the  best  plan  for  the  total  study  area  t  fi.it 
should  he  investigated  in  stage  3  studies. 

Other  solutions  that  would  also  aid  in  meeting  the  city's  floodplain 

management  needn  and  which  should  be  further  investigated  in  stage  3  studies 

J 

include  upgrading  of  the  level  of  protection  provided  by  the  existing  Lincoln 
Park  project,  a  diversion  of  Red  Lake  River  flood  flows  around  Hast  Grand 
Porks  via  the  Grand  Marais  Coulee  channel,  a  control  structure  with  attendant 
flood  barriers  across  English  Coulee  north  of  27th  Avenue  North  to  prevent 
backup  of  Red  River  flood  flows,  flood  barriers  to  provide  a  100-year  level 
of  protection  to  combined  Reaches  3  and  4  or  Reach  4  alone,  and  flood-proofing 
measures  in  the  southern  portion  of  Reach  1  and  central  (P.S.  Highway  2  area) 
and  northern  (near  the  mouth  of  the  English  Coulee)  portions  of  Reach  b. 

PLAN  IMPLEMENTATION 

Detailed  stage  3  studies  would  be  made  by  the  Corps  oi  Engineers  at  no  cost 
to  the  city  of  Grand  Porks.  Assuming  that  these  stage  )  detailed  feasibility 
studies  confirm  the  above  conclusions  or  produce  a  better  overall  plan,  t he 
stage  5  study  report  for  floodplain  management  would  be  forwarded  through 
the  Secretary  of  the  Army  to  Congress  for  authorization  of  detailed  planning 
and  engineering  studio*.  If  authorized  and  funded  hv  the  Congress,  these 
studies  would  also  he  made  bv  the  Corps  of  Engineers  at  no  cost  to  the  citv. 

it  these  post author i za t ion  studios  either  confirm  the  earlier  recommended 
plan  or  indicate  some  other  preferable  course  of  action,  alter  lurther  con¬ 
gressional  review,  approval,  and  funding,  detailed  engineering  designs  and 
specifications  would  he  made  as  required.  Upon  completion  of  this  work, 
the  project  would  be  advertised  for  bids  with  subsequent  award  of  a  construc¬ 
tion  contract  to  the  qualified  low  bidder. 

The  U.S.  Government  would  generally  assume  the  cost  of  anv  flood  con¬ 
trol  features  and  a  maximum  of  3  percent  of  the  total  const  rue t  i  on  cost  for 
aesthetic  treatment  measures.  Loral  interests  would  provide  at  no  cost 
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to  the  U.S.  Government  all  lands,  easements,  and  rights-of-way  required 
for  construction  and  subsequent  operation  and  maintenance.  They  would 
also  agree  to  operate  and  maintain  the  project  at  their  own  expense  and 
in  a  manner  acceptable  to  the  U.S.  Government.  The  local  project  spon¬ 
sor  would  likewise  agree  16  other  provisions  of  local  cooperation  con¬ 
centering  floodplain  management,  intrusions  onto  project  works,  and  any 
other  cost-sharing  arrangements  that  may  be  deemed  advisable. 

RECOMMENDATION 

On  the  basis  of  this  stage  2  study  of  floodplain  management  needs, 

I  recommend  that  detailed  stage  3  studies  be  made  of  the  following  course 
of  action: 

•  An  emergency  flood  fight  and  disaster  relief  plan  that  the  city 
of  Grand  Forks  could  implement  beforq:,:/during,  and  after  a  major 
f 1 ood . 

e 

Insofar  as  the  stage  2  plan  formutation  studies  have  indicated  possi¬ 
ble  merit  of  other  alternatives  pending  completion  of  additional  economic 
studies  and  topographic  surveys  and  insofar  as  tiie  cities  of  Grand  Forks 
and  East  Grand  Forks  desire  a  permanent  means  of  flood  damage  reduction, 

I  recommend  the  following  additional  stage  3  investigations: 

•  A  feasibility  scope  analysis  of  the  diversion  of  Red  Lake  River  - 
flood  flows  around  East  Grand  Forks  via  the  Grand  Marais  Coulee 
channel . 

•  An  investigation  of  the  feasibility  of  a  control  structure  with 
attendant  flood  harriers  across  English  Coulee  to  prevent  damaging 
backup  of  Red  River  flood  flows. 

•  Feasibility  studies  to  ascertain  the  advisability  of  upgrading 
the  existing  federally-constructed  Lincoln  Park  (Reach  2)  project 
to  provide  a  higher  level  of  protection. 


•  Additional  study  to  ascertain  the  advisability  of  flood-proof ing 
measures  for  flood-prone  strurturcs  along  tlu1  Olson  and  Klmwood 
Drive  areas  of  Reach  1,  along  Bovd  Drive  between  bth  and  I  1th 
Avenues  North,  and  the  commercial  areas  both  north  and  south  of 
U.S.  Highway  2  in  Reach  6. 

•  Further  study  to  determine,  in  view  of  the  potential  catastrophic 
losses  in  the  central  business  district  and  preliminary  indica¬ 
tions  of  possible  economic  feasibility,  the  advisability  ol  pro¬ 
viding  a  protective  flood  barrier  with  related  works  for  combined 
Reaches  3  and  A  or  Reach  A  alone. 

•  Additional  topographic  surveys  as  required  and  study  of  potential 
future  damage  growth  in  support  of  the  foregoing  reeommendal ions . 
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ATTACHMENT  A 


SUMMARY  OF  COSTS  AND  BENEFITS 


Table  A-l  -  Cost  estimate  summary — flood  barrier  alternative 
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Table  A-2  -  Comparison  of  annual  costs  and  benefits — flood  barrier  alternative 


Total  Annual  Cosh  102,000  174,200  153,800  313,900  368,000 


Table  A-6  -  Sunmary  of  _ave r age  annual  damages  and  benefits 
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STACK  1  I'RBAN  ORA  IN  ACE  STUDY 


AT  GRAND  FORKS,  NORTH  DAKOTA 

PUR POSE 

This  preliminary  report  provides  information  for  f ormn ! at  ing  a 
master  drainage  plan  for  future  urban  development  in  Grand  Forks.  Non  It 
Dakota.  The  report  presents  the  lirst  iteration  ol  alternatives  lot 
urban  drainage  and  is  limited  to  a  preliminary  hydrologic  analysis. 
Problems  and  needs  are  ident i f ied. and  possible  alternatives  to  meet 
urban  runoff  needs  are  discussed.  The  findings  of  the  report  will  he 
used  as  a  basis  tor  discussion  with  agencies,  organizations,  and  in¬ 
dividuals  concerned  with  or  allected  by  these  problems.  The  results 
of  the  discussions  and  comments  will  be  evaluated  and  considered  in 
defining  the  direction  of  lurther  studies  to  be  undertaken  in  stage  i. 


PRiifJf  EMU  AND  NEEDS 


The  urban  drainage  problems  and  needs  in  the  Grand  forks  study 
area  can  be  classified  into  the  following  major  categories:  (1) 
future  growth  and  development,  (2)  operation  and  maintenance  of  exist¬ 
ing  urban  drainage  systems,  (3)  lack  of  a  master  urban  drainage  plan, 
and  (4)  technical  problems. 

FUTURE  GROWTH  PROBI.KUS 

Growth  contributes  to  the  economic  well-being  ot  the  residents 
of  the  city  and  surrounding  rural  areas  and,  to  a  lesser  extent, 
the  Nation.  However,  problems  evolve  that  are  generally  related  to 
the  ways  of  managing  growth,  development  patterns  that  evolve,  and 
other  effects.  These  problems  may  not  be  directly  related  to  urban 
drainage,  but  they  affect  water  resource  management  plans  such  as 
urban  drainage.  A  water  resource  management  plan  considering  urban 
drainage  problems  and  needs  can  contribute  to  alleviating  or  reducing 
the  impacts  of  growth  ret. tied  problems. 


Specific  growth  related  problems  identified  by  the  city  of  Grand 
Forks  are: 


a.  Poor  mix  of  industrial  and  residential  land  uses. 

b.  Loss  of  activity  centers. 

c.  Uncoordinated,  congested  commercial  areas. 

d.  Loss  of  public  transit  potential  in  new  areas. 

e.  Decline  of  older  neighborhoods  in  favor  of  new  areas. 

f.  Longer  travel  distances. 

g.  Higher  costs  of  municipal  services. 

The  city  wishes  to  overcome  these  problems  by  controlling  growth. 

The  city's  development  goal  is  the  creation  of  a  well  planned,  compact 
urban  area.  Adoption  of  workable  urban  drainage  policies  and  develop¬ 
ment  of  a  coordinated  drainage  management  plan  can  benefit  urban  water 
resource  and  related  activities  consistent  with  the  city  development 
goal . 


A  growth  problem  specifically  related  to  development  of  an  urban 
drainage  management  plan  is  forecasting  growth  within  the  planning 
area.  Without  knowledge  of  the  type  of  development  that  will  occur 
and  the  timing  of  the  growth,  it  is  difficult  to  develop  a  meaningful 
and  valid  drainage  management  plan.  At  the  same  time,  it  is  unreal  is!  i 
to  assume  that  these  forecasts  can  he  made  with  certainty.  It  is  there 
fore  necessary  to  make  certain  simplifying  assumptions  and,  on  t  lie  b  is  i 
of  available  data,  determine  tiie  most  probable  future.  To  be  valuable, 
a  long-term  plan  must  provide  a  framework  for  the  future  but,  to  be 
practical,  It  must  also  be  adaptable  to  future  growth  conditions. 
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EXISTING  AND  FUTURE  URBAN  DRAINAGE  PROBLEMS  AND  NEEDS 


Existing  Urban  Drainage 

Over  4  square  miles  of  Grand  Forks  is  currently  served  by  storm 
sewers.  Approximately  1.4  square  miles  surrounding  the  central  busi¬ 
ness  district  is  served  by  combined  sewers  (see  figure  1).  The  city 
experiences  periodic  problems  of  combined  sewer  overflows  and  sewer 
backups  causing  basement  flooding  during  periods  of  flooding  and  heavy 
rain.  The  city  has  initiated  a  plan  to  separate  the  stormwater  and 
sanitary  sewer  system  in  this  area.  In  general,  the  combined  sewers 
will  be  slip  lined  and  converted  to  sanitary  sewers  and  new  storm 
sewers  will  be  constructed.  Some  large  combined  sewers  will  be  used 
as  storm  sewers  and  new  sanitary  sewers  will  be  constructed  in  these 
instances . 

The  separation  plan  has  been  divided  into  four  phases  (see  figure  1). 
Phase  I,  which  includes  the  downtown  area,  has  already  begun  and  is 
scheduled  for  completion  in  1979.  Starting  dates  for  the  other  phases 
have  not  yet  been  established. 

This  study  assumes  that  the  city  has  a  viable  plan  for  implement¬ 
ing  the  separation  of  combined  sewers;  therefore,  the  study  will  not 
address  this  problem. 

Future  Urban  Drainage 

In  the  unsewered  portion  of  the  city  and  the  rural  area  out  to 
the  presently  defined  2-mile  zoning  limit,  a  definite  need  for  long- 
range  master  stormwater  drainage  plans  exists.  Development  is  expand¬ 
ing  into  this  undeveloped  area,  especially  south  of  the  city.  The 
momentum  of  urban  development  is  steadily  increasing  and  has  consistently 
exceeded  recent  short-term  projections.  The  city  has  adopted  the 
Planned  Unit  Development  concept  which  gives  the  city  a  mechanism  for 
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guiding  large-scale  private  development  toward  the  overall  develop¬ 
ment  goals.  However,  without  a  public  development  plan  that  addresses 
issues  such  as  urban  drainage,  city  officials  have  indicated  that 
they  will  have  difficulty  in  taking  full  advantage  of  the  opportunities 
of  the  Planned  l:nit  Development  concept.  Specific  examples  of  prob¬ 
lem  areas  relating  to  urban  drainage  are: 

a.  Difficulties  in  using  open-space  requirements  of  Planned  I'nit 
Development  for  providing  ponding  areas  and  drainage  courses  for  rune''' 

b.  Difficulties  in  providing  guidance  to  private  developers  m 
how  future  drainage  needs  will  be  met. 

c.  Forgone  opportunities  to  influence  desired  growth  patterns 
by  adopting  plans  for  development  of  municipal  services. 

To  achieve  the  city's  goal  and  solve  or  avoid  other  specific  pr  r- 
lems,  city  officials  have  expressed  a  need  for  an  overall  stormwater 
management  plan.  Specific  water  resource  problems  that  the  plan  should 

address  are: 

a.  Overland  flooding  -  Lack  of  definite  drainage  courses  within 
the  typical  subdrainage  area  and  flatness  of  terrain  result  in  sheet 
flow  over  the  entire  area  during  periods  of  heavy  runoff.  Lncler  these 
conditions  virtually  all  man-made  features  are  subject  to  damage.  This 
natural  condition  has  encouraged  property  owners  to  resort  to  land 
drainage  practices  which  collect  and  accelerate  runoff.  This  increase.- 
the  potential  for  localized  flooding  problems  in  other  areas  and 
perpetuates  the  same  types  of  practices. 


b .  Flooding  on  Red  River  of  the  North  and  English  Coulee 
Land  drainage  practices  and  intensified  development  of  agricultural 
areas  have  resulted  in  increased  runoff  which  has  the  potential  for 
increasing  the  existing  flood  hazards  along  Knglish  Coulee  and  the 
Red  River  of  the  North.  I'rhan  drainage  into  these  systems  mav  com¬ 
pound  the  problem. 


c.  Erosion  -  As  natural  drainage  patterns  are  changed  and 
vegetative  cover  is  reduced,  runoff  velocity  will  lie  increased.  with¬ 
out  proper  management  techniques,  soil  erosion  may  he  significantly 
increased . 

d.  Hater  quality  -  Soil  erosion  and  pollutants  from  other  non- 
point  sources  can  result  in  poor  quality  stormwater  runoff.  discharge 
of  stormwater  without  treatment  can  cause  significant  water  qualitv 
degradation  in  the  receiving  waters. 

The  benefit  of  developing  an  overall  stormwater  management  r.ar. 
is  that,  in  the  long  term,  it  can  lower  the  total  cost  of  an  urban, 
drainage  system.  Studies  have  shown  that  proper  long-range  planning 
reduces  capital  costs  ar.  average  of  15  percent.  These  cost  savings 
are  possible  by  allowing  a  community  to  take  maximum  advantage  of 
incorporating  natural  features  into  a  drainage  system  and  to  plan  for 
development  of  other  facilities  before  these  features  are  altered  or 
the  opportunities  are  otherwise  forgone.  A  good  plan  provides  a 
long-range  scheme  of  development  that  can  minimize  the  need  to  replace 
or  upgrade  facilities  due  to  premature  obsolescence.  Ideally,  the 
plan  includes  a  phased  system  of  development  that  can  serve  the  current 
needs  and  be  adaptable  to  future  needs  at  the  minimum  total  cost.  It 
allows  new  growth  development  to  be  planned  that  will  move  the  citv 
closer  to  achieving  its  goals  rather  than  becori  Sstac.  'o  them. 

TECHNICAL  PROBLEMS 

The  investigation  has  identified  the  following  technical  problems 
which  have  either  been  encountered  or  are  anticipated: 

a.  There  is  a  lack  of  technical  data  available  on  existing 
facilities.  Data  on  many  of  the  hydraulic  structures,  for  example, 
are  either  nonexistent  or  have  been  lost  or  destroyed. 
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b.  The  flat  topography  makes  it  difficult  to  distinguish 
drainage  patterns  or  identify  drainage  areas.  The  relief  is  so 
slight  in  most  areas  that  it  is  unobservable  without  survey  instru¬ 
ments.  It  is  not  uncommon  at  a  road  intersection  to  find  a  conduit 
through  each  approach  to  the  intersection.  Thus,  determining  the 
direction  of  flow  by  observing  the  locations  of  conduits  is  not  re¬ 
liable.  Local  interests  stated  that  in  some  instances  the  direction 
of  flow  of  runoff  depends  upon  wind  direction. 

c.  The  lack  of  relief  within  the  study  area  limits  the  number 
of  alternatives  available  and  imposes  certain  limitations  on  those 
that  are  feasible. 

d.  Under  existing  conditions  the  agricultural  land  has  excel¬ 
lent  capacity  for  surface  storage.  However,  the  land  is  vulnerable 
to  greatly  increased  runoff  after  urban  development. 

THE  STUDY  AREA 


The  limits  defined  for  this  urban  drainage  study  are  shown  on 

figure  2.  The  study  area  includes  all  areas  outside  the  sewered 
portion  of  the  city  and  within  the  city's  2-mile  limit  of  jurisdiction. 
The  city's  land  use  zoning  jurisdiction  extends  to  2  miles  beyond  its 
existing  city  limits.  Because  of  the  rapid  rate  of  development  south 
of  the  city,  the  study  area  was  extended  southward  an  additional  mile 
beyond  the  2-mile  zoning  limit  between  the  Red  River  of  the  North  and 
Interstate  29.  The  study  area  is  a  21,000-acre  band  of  primarily 
agricultural  land  starting  at  the  Red  River  of  the  North  south  of 
Grand  Forks,  encircling  the  city  and  meeting  the  Red  River  again  north 
of  the  city.  The  study  area  is  cut  in  the  north-south  direction  by 
Interstate  29  and  the  Burlington  Northern  railroad  tracks.  It  is  cut 
in  the  east-west  direction  by  Highway  2,  Burlington  Northern  railroad 
tracks.  Legal  Drains  4  and  9,  and  the  English  Coulee  floodway. 
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North  Dakota 


FIGURE  2 


THF.  BASE  CONDITION 


Natural  drainage  in  the  study  area  is  from  southwest  to  northeast. 

A  large  portion  of  the  rural  land  southwest  of  Grand  Forks  drains  toward 
the  city  (see  figure  3).  The  Cole  Creek  watershed  south  of  the  study 
area  drains  approximately  40  square  miles  of  rural  land.  The  drainage 
from  the  watershed  that  does  not  flow  directlv  into  Cole  Creek  is 
intercepted  by  Legal  Drain  4  and  then  flows  into  Cole  Creek  and  the 
Red  River  of  the  North.  Legal  Drain  4  has  a  capacity  of  about  430  cts 
(cubic  feet  per  second). 

English  Coulee  and  the  English  Coulee  floodway  are  the  two  main 
drainage  courses  of  the  English  Coulee  watershed.  The  English  Coulee 
watershed  drains  approximately  95  square  miles  of  primarily  rural 
agricultural  land.  Legal  Drain  9  is  a  5-mile  improved  portion  of 
English  Coulee  southwest  of  the  city.  About  5  miles  west  of  the  study 
area,  a  diversion  structure  on  English  Coulee  diverts  flows  in  excess 
of  1,000  cfs  into  the  English  Coulee  floodvay  which  conveys  up  to 
600  cfs  of  flow  west  and  north  of  the  city  and  into  the  Red  River  of 
the  North  near  the  confluence  of  English  Coulee  and  the  Red  River. 

Flows  in  excess  of  1,600  cfs  from  English  Coulee  watershed  will  exceed 
the  capacity  of  the  system. 

The  rural  area  has  a  slope  of  2.0  to  2.5  feet  per  mile.  Other 
than  English  Coulee,  Belmont  Coulee,  Cole  Creek,  and  a  few  small  shal¬ 
low  potholes  north  of  Highway  2  in  subbasin  area  A  (figure.  4),  few 
areas  of  natural  relief  exist  in  the  study  area. 

Major  areas  of  development  in  the  study  area  are  shown  on  figure  2. 
Other  development  is  limited  primarily  to  single  residential  units  or 
small  residential  developments  scattered  throughout  the  study  area. 

Currently,  drainage  of  stormwater  is  by  overland  flow  and  the 
existing  system  of  road  ditches.  Because  of  the  low  density  of  develop¬ 
ment  and  the  absorptive  capacity  of  agricultural  land,  runoff  from 
frequent  storms  creates  no  significant  problems. 


conditions  for  5-  and  10-year  frequency  rainfalls  are  shown 
in  tables  1  and  2,  respectively*  A  more  detailed  description  ot 
drainage  for  the  study  area  is  given  in  the  section  titled  "Existing 
Drainage  Patterns." 


Table  1  -  Estimated  peak  runoff.  ri- year  frequency 

Estimated  peak  flow 
Existing  Future 


Drainage  Area  Intensity  condition  condition 

area  [  _ (acres) _ (inches  per  hour) _ (cfs) _ (cfs) 


A 

5,700 

0.7 

800 

1,400 

B 

3,000 

0.35 

210 

370 

C1 

3,400 

0.30 

205 

355 

C2 

10,000 

0.20 

400 

(2) 

E 

1,600 

0.50 

160 

280 

I 

820 

0.75 

125 

215 

J 

1,500 

0.65 

195 

340 

K 

3,370 

0.25 

170 

295 

L 

1,420 

0.70 

200 

350 

R 

450 

1.3 

115 

205 

(1)  See 

figure  4. 

(2)  Outside  study  area; 

not  to  be  developed. 

Table 

2  -  Estimated 

peak  runoff,  10-ye 

ar  frequency 

Peak 

flow 

Existing 

Future 

Drainage 

Area 

Intensity 

condition 

condition 

area 

(acres) 

(inches  per  hour) 

(cfs) 

(c  fs) 

A 

5,700 

0.85 

970 

1,695 

B 

3,000 

0.50 

300 

(1) 

C1 

3,400 

0.40 

270 

475 

C2 

10,000 

0.30 

600 

(1) 

E 

1,600 

0.60 

190 

335 

I 

820 

0.95 

155 

275 

J 

1,500 

0.80 

240 

420 

K 

3,370 

0.35 

235 

415 

L 

1,420 

0.90 

255 

450 

R 

450 

1.65 

150 

260 

(1)  Outside  study  area;  not  to  be  developed 
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peak  runoff  methodology 

Many  methods  are  available  for  relating  runoff  to  rainfall.  The 
rational  method  was  selected  primarily  because  it  is  widely  accepted 
and  is  used  by  the  city  and  its  consultants.  More  complex  methods 
did  not  seem  justified  for  preliminary  planning.  Urban  storm  sewer 
systems  are  commonly  designed  for  5-  to  25-year  rainfall  events. 

The  city  of  Grand  Forks  desired  that  the  primary  system  he  designed 
for  a  5-vear  rainfall  event.  For  comparison,  the  10-year  rainfall 
event  was  also  analyzed. 

The  rational  formula  is  computed  as  Q  =  CIA  in  which: 


Q  =  Discharge  rate  in  cfs. 

C  =  Runoff  coefficient  representing  the  characteristics  of  the 

drainage  area.  A  composite  C  value  was  computed  for  existing 
conditions  (0.2)  and  for  assumed  future  development  conditions 
(0.35)  . 

i  «  Average  intensity  of  rainfall  in  inches  per  hour  for  a  dura¬ 
tion  equal  to  the  time  of  concentration,  t,  for  a  selected 
rainfall  frequency.  These  values  are  obtained  from  standard 
intensity-duration-frequency  relationships  for  the  area 
(figure  5) . 

t  =  Time  in  minutes  after  the  beginning  of  rainfall  for  runoff  to 
peak  at  the  point  under  consideration.  This  depends  on  the 
size,  shape,  and  slope  of  the  drainage  area. 


A  =  Cize  of  the  drainage  area  in  acres. 


FIGURE  5  -  Intensi ty-Duratlon-Frequency  Chart 
Mevils  Lake  and  Grand  Forks 


FUTURE  CONDITIONS 


The  population  of  Grand  Forks  in  1975  was  41,986.  The  projected 
population  for  Grand  Forks  in  2000  is  62,128.  The  city's  estimate  of 
future  urban  land  needs  between  1975  and  2000  is  3,300  acres.  The 
study  area  is,  therefore,  over  six  times  as  large  as  the  estimated  land 
development  needs  during  the  next  22  years.  However,  the  recent  rate 
of  development  has  exceeded  short-term  projections,  and  it  is  likely 
that  the  needs  for  development  through  the  year  2000  will  exceed 
the  3,300-acre  estimate.  Because  the  city  has  zoning  authority 
2  miles  beyond  its  corporate  limits,  city  officials  desire  an  urban 
drainage  plan  that  includes  their  total  sphere  of  influence.  This  de¬ 
sire  established  the  outer  limits  of  the  study  area.  Although  the 
undeveloped  land  in  the  study  area  far  exceeds  the  development  needs 
for  the  foreseeable  future,  for  hydrologic  purposes  each  area  was 
treated  as  if  it  were  fully  developed.  The  composite  runoff  coeffi¬ 
cient  for  the  developed  condition  was  calculated  by  assuming  that 
the  land  uses  within  each  area  were  in  the  same  ratio  as  the  land 
use  in  the  overall  1975-2000  urban  land  needs  estimate. 


Estimated  peak  runoff  for  each  drainage  area  under  assumed  future 
development  conditions  for  5-  and  10-year  frequency  rainfall  events 
is  shown  in  tables  1  and  2,  respectively. 

EXISTING  DRAINAGE  PATTERNS 


The  existing  rural  road  ditches  (not  including  the  legal  drains) 
are  generally  shallow  and  the  slopes  follow  the  ground  topography. 

Because  of  the  flatness  of  the  area  and  the  lack  of  distinctive  drain¬ 
age  areas,  minor  changes  in  the  existing  condition  (such  as  road  improve¬ 
ments,  changes  in  hydraulic  structures,  and  landscaping)  can  alter 
the  established  drainage  areas.  As  an  area  undergoes  development,  the 
potential  for  these  changes  is  high.  If  this  factor  is  recognized 
during  development  and  properly  managed,  it  can  be  used  to  good  ad¬ 
vantage.  However,  if  it  is  not  recognized  or  ignored,  it  can  generate 
significant  water  resource  problems. 


15 


As  larger  rainfall  events  occur,  natural  features  which  iVrn 
drainage  area  boundaries  during  smaller,  more  frequent  events  are  over¬ 
topped  and  two  or  more  drainage  areas  can  effectively  become  one.  It 
was  assumed  in  this  report  that  the  boundaries  of  the  existing  drainage 
areas  would  remain  unchanged  during  future  development.  It  was  also 
assumed  that  the  drainage  area  boundaries  would  remain  unchanged  for 
the  particular  rainfall  events  considered  in  the  hydrologic  analvsis. 
Table  3  presents  a  general  description  of  the  drainage  patterns  within 
each  defined  drainage  area.  These  patterns  are  also  visually  displayed 
on  figure  4. 


I 


Area 


fable  3  -  Drainage 


Natural  drainage 


A  Bounded  on  the  north  by  the  Engl ish  Coulee  diversion  and  on  the 
southwest  by  the  Burlington  Northern  railroad.  Highway  2  cuts 
through  the  area  in  an  east-west  direction.  Natural  drainage  is 
from  the  southwest  into  the  diversion  channel  along  Highway  2 
and  then  north  into  the  English  Coulee  floodway.  An  auxiliary 
channel  1  mile  north  of  Highway  2  also  receives  runoff  from  the 
area  and  also  discharges  into  the  floodway.  The  northeast  corner 
of  the  drainage  area  is  cut  in  a  north-south  direction  by  Inter¬ 
state  29.  The  natural  drainage  from  this  portion  of  the  area 
flows  into  the  English  Coulee  floodway  and  the  Red  River  of  the 
North  just  downstream  of  the  mouth  of  English  Coulee. 

B  Drains  naturally  into  the  east  end  of  the  Legal  Drain  18  and  is 

carried  east  under  Interstate  29  and  into  English  Co  lee.  A  sum 
subdrainage  area  in  the  southeast  corner  of  the  drainage  area  t  li  . 
into  an  intermittent  tributary  of  English  Coulee  near  the  inter¬ 
section  of  Interstate  29  and  the  Burlington  Northern  Railroad  t re.  i  -  . 
About  600  acres  in  the  northeast  quadrant  of  the  drainage  area  is 
within  the  corporate  limits  of  Crand  Forks  and  600  acres  in  the  west 
end  of  the  drainage  area  is  outside  the  study  limits. 

C^  Bounded  by  Interstate  29  on  the  east  and  receives  runoff  from  area  C^ 
outside  the  study  area.  Runoff  from  the  area  is  generally  north 
into  Drain  9  which  flows  into  English  Couiee. 

E  lira  inage  flows  either  overland  directly  into  English  Coulee  or  int  > 

the  small  intermittent  tr ihutarios  of  the  coulee.  This  area  has 
more  relief  than  any  other  drainage  area  in  the  studv  limits. 

I  Area  is  hounded  by  Interstate  29  on  the  west.  Runoff  flows  over — 

land  into  English  Coulee  and  its  tributaries. 

J  Area  is  hounded  hv  Interstate  29  on  the  west.  Runoff  from  the 

south  end  of  the  area  flows  overland  and  through  existing  road 
ditches  north  into  the  east  branch  of  English  Coulee. 

K  Area  is  bounded  by  Interstate  29  on  the  west  and  Legal  Drain  4 
on  the  south.  Runoff  flows  northeast  until  it  is  intercepted 
by  Belmont  Coulee.  Belmont  Coulee  discharges  ir.to  the  Red  River 
of  the  North. 

L  Area  is  bounded  by  Legal  Drain  4  on  the  south  and  the  Red  River  of 

the  North  on  the  east.  Runoff  flows  overland  into  either  Cole 
Creek  or  the  Red  River  of  the  North. 

R  Commercially  developed  area  along  Highway  81.  Runoff  flows  into 
either  English  Coulee  or  the  Red  River  of  the  North. 


PLAN  FORMI'I-M  ]  t  >N 


The  purpose  of  plan  formulation  is  to  develop  a  plan  which  provides 
the  best  use  of  resources  to  meet  the  urban  drainage  needs  of  the  trand 
Forks  urban  area.  The  intent  of  this  report  is  not  to  develop  a  final 
plan  but  to  identify,  evaluate,  and  compare  alternative  measures  with 
view  toward  feasibility  and  acceptability,  '■'ere  advanced  fcrmuluti  n 
stage  3  will  be  aimed  at  select  inc  a  plan  <!  improvement  for  ret  c-m-e:;. 
tion.  Stage  1  studies  will  center  .it  uno  the  rel  i  nvien  t  of  altern.tf  i 
measures  found  feasible  anti  acceptable  in  this  report. 

PLANNING  OBJECTIVES 


The  objectives  of  planning  for  future  urban  drainage  needs  are  to 
identify  alternative  solutions  that  will: 

a.  Use  and  preserve,  to  the  extent  possible,  desirable  existing 
natural  systems. 

b.  Reduce  capital  and  environmental  costs  to  the  community. 

c.  Prevent  loss  of  life  and  property  resulting  from  runoff  from  any 
foreseeable  rainfall  event. 

d.  Provide  an  acceptable  degree  of  convenient  access  to  propertv 
during  and  following  frequent  rainfall  events. 

URBAN  DRAINAGE  PRINCIPLES 

Nationwide  experience  indicates  that  stormwater  has  rarely  been 
well  managed.  Past  practices  sought  maximum  convenience  at  an  individual 
site  by  the  most  rapid  possible  elimination  of  excess  surface  water  after 
a  rainfall  and  the  containment  and  disposal  of  that  water  as  quickly  as 
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possible  through  a  closed  system.  Such  approaches  have  resulted  in 
increased  frequency  of  downstream  flooding,  often  accompanied  bv 
diminishing  groundwater  supplies,  increased  soil  erosion,  and  decreased 
water  quality. 

Stormwater  runoff  management  is  currently  undergoing  a  significant 
redirection  with  new  emphasis  on  the  desirability  of  detaining  or  stor¬ 
ing  rain  where  it  falls.  This  approach  applied  to  individual  sites  or 
developments  often  has  beneficial  cumulative  effects  by  attenuating  both 
peak  runoff  and  total  short-term  runoff.  Basic  principles  of  stormwater 
runoff  management  have  been  developed,  as  follows: 

a.  Ideally  water  should  be  retained  or  absorbed  to  the  extent 
that  urban  runoff  Is  not  significantly  different  than  before  development. 

b.  Collection,  storage,  conveyance,  and  treatment  facilities 
should  strike  a  balance  among  costs  (economic,  environmental,  and  social) 

c.  The  total  urban  drainage  system  should  strive  to  improve  ef¬ 
fectiveness  of  natural  systems  rather  than  negate,  replace,  or  ignore 
them . 

d.  Stormwater  should  he  treated  as  a  resource  to  replenish  the 
tctal  water  resources  of  the  area. 

e.  Property  owners  and  the  community  should  share  responsibilities- 
for  stormwater  management. 

f.  The  total  urban  drainage  system  should  consist  of  two  component 
(1)  a  major  system  to  prevent  or  minimize  damage  to  property  and  physica 
injury  and  loss  of  life  which  may  occur  during  or  after  a  verv  infrequent 
or  unusual  storm,  and  (2)  a  minor  system  to  eliminate  or  minimize  incon¬ 
venience  or  disruption  of  activity  as  a  result  of  runoff  from  more 
frequently  occurring,  less  significant  storms. 
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alternatives 


Alternatives  for  urban  drainage  can  be  divided  into  three 
categories : 

a.  Storage  alternatives. 

b.  Alternative  routes  of  conveyance. 

c.  Alternative  methods  of  conveyance. 

The  most  effective  urban  drainage  system  is  a  combination  of  many 
alternative  features.  A  complete  systems  analysis  of  possible  combina¬ 
tions  of  alternatives  is  beyond  the  scope  of  this  prelim:  na-'  '  ud 

For  this  report  the  alternatives  are  discussed  .  n:  evaluate.  ; ;  .  i  ; 

On  the  basis  of  preliminary  evaluations,  judgments  are  made  .  he 

potential  of  the  alternatives  to  tit  into  an  overall  urban  drainage  svste 
for  future  urban  development  in  Gr.ind  Forks,  The  overall  impacts  of 
selected  combinations  of  alternatives  were  assessed  by  evaluating 
impacts  of  selected  combinations  of  alternatives  was  made  by  evaluating 
several  typical  drainage  units  and  applying  the  units  as  appropriate 
to  the  entire  study  area  to  approximate  a  complete  system. 

Storage  Alternatives 

An  important  factor  in  urban  drainage  is  storage.  Providing 
storage  can  reduce  peak  runoff  rates;  aid  in  replenishment  of  the  water 
supply;  provide  for  attenuation;  and  lessen  the  possibility  of  down¬ 
stream  flooding,  stream  erosion,  and  sedimentation.  Storage  can  occur 
naturally  within  a  drainage  area  or  be  added  to  the  system. 

In  areas  where  topographic  relief  and  drainage  patterns  permit,  wher 
storing  or  flooding  is  not  practical  for  economic  reasons,  or  where  ex¬ 
treme  public  inconvenience  is  involved,  conveyance  systems  are  designed 
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to  remove  peak  runoff  as  it  occurs.  However,  where  natural  topography 
provides  storage  areas  for  runoff  or  where  the  costs  of  conveyance 
systems  are  too  high,  storing  runoff  in  selected  areas  is  desirable. 

Although  flooding  in  urban  areas  is  undesirable,  if  the  depth  of  flood¬ 
ing  is  controlled  and  critical  areas  are  avoided,  some  limited  short¬ 
term  flooding  is  usually  acceptable  because  of  the  costs  associated  with 
providing  a  system  capable  of  preventing  all  flooding  under  all  condi¬ 
tions.  For  urban  drainage  this  trade-off  is  made  by  designing  the  sys¬ 
tem  to  prevent  flood  damages  from  the  5-  to  25-year  rainfall  event. 

For  this  report  nine  storage  alternatives  were  considered  as  dis¬ 
cussed  in  the  following  paragraphs. 

Rooftop  Storage  -  Horizontal  rooftops  can  be  used  for  temporary  storm¬ 
water  detention  without  inconveniencing  pedestrians  or  motorists. 

Many  flat  roofs  of  commercial  and  industrial  buildings  pond  significant 
amounts  of  water  not  necessarily  by  design.  However,  rooftop  storage 
is  most  effective  and  causes  the  fewest  problems  when  it  is  designed  into 
the  original  buiiding  plans  and  not  provided  as  an  afterthought.  Struc¬ 
tural  requirements  for  providing  rooftop  detention  can  be  incorporated 
into  building  codes. 

Plaza/Parking  Lot  Storage  -  Temporary  storage  of  stormwater  on 
plazas  and  in  parking  lots  is  an  effective  method  for  detention 
of  stormwater.  Parking  areas  must  be  designed  so  that  ponding 

does  not  cause  an  intolerable  inconvenience  to  users.  Ponding  areas 
should  be  located  in  the  areas  least  used.  In  most  cases,  water  would 
pond  to  a  depth  not  greater  than  12  inches  and  probably  be  drained 
within  30  minutes  after  a  rainfall.  Parking  lots  are  often  designed 
so  that  runoff  is  channeled  to  adjacent  grassed  areas  for  temporary 
storage.  This  reduces  inconveniences  for  users  of  the  lot  but  increases 
requirements  for  real  estate. 
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Street  Storage  -  Good  planning  and  proper  use  of  the  hydraulic  carrying 
capacity  of  the  street  system  can  substantially  help  • educe  the 
size  of  a  storm  sewer  system  in  newly  urbanized  areas.  Proper  use  of 
the  hydraulic  carrying  capacity  of  the  street  involves  designing  some 
streets  for  partial  inundation.  Local  streets  can  be  inundated  with 
little  effect  on  vehicular  traffic.  The  small  number  of  cars  involved 
could  move  slowly  through  water  4  to  6  inches  deep.  Inundation  of 
selected  streets  is  an  effective  way  of  surcharging  storm  sewers  to 
increase  their  hydraulic  carrying  capacity.  From  20  to  25  acre-feet 
per  square  mile  can  be  available  for  temporary  storage  of  runoff  in 
urban  areas. 

Dry  Impoundments  -  A  dry  impoundment  or  detention  basin  is  a  permanent 
structure  designed  to  provide  temporary  storage  for  stormwater  runoff 
and  thereby  reduce  the  peak  discharge  rates.  These  impoundments  require 
some  topographic  relief.  In  Grand  Forks,  where  topographic  relief  is 
minimal,  development  of  these  facilities  would  have  to  be  integrated  wit 
development  of  the  area  so  that  excavation,  borrow,  and  landscaping  from 
other  urban  developments  could  be  used  to  create  detention  areas,  .-core 
ation  areas,  greenbelt  areas,  and  neighborhood  parks  provide  excellent 
settings  for  detention  basins.  Since  the  areas  are  used  for  ponding 
for  short  periods,  little  conflict  occurs  with  other  types  of  low 
density  uses.  The  temporary  storage  of  water  is  accomplished  by  pro¬ 
viding  a  controlled  release  rate.  When  the  stormwater  inflow  into  the 
basin  exceeds  the  controlled  release  rate,  the  runoff  in  excess  of  the 
release  rate  is  stored  in  the  basin.  The  controlled  release  rate  is 
based  on  a  controlling  downstream  condition.  The  system  is  designed 
so  that  the  basin  drains  completely  dry  after  runoff  has  ceased.  'There 
streets  cross  drainageways ,  the  roadway  embankment  can  be  used  as  an 
effective  dam  for  only  moderate  additional  cost. 


Permanent  Impoundments  -  A  permanent  impoundment  is  similar  to  a 
dry  impoundment  except  that  a  permanent  pool  is  maintained  for  aesthetics 
and  recreation.  A  deeper  detention  area  is  required  to  maintain  a  mini¬ 
mum  depth  permanent  pool  plus  capacity  for  storage  of  runoff.  A 
permanent  impoundment  should  be  located  where  the  surface  runoff  from 
the  contributing  drainage  area  is  sufficient  to  maintain  an  adequate  pool 
level.  The  "blue-green"  concept,  as  this  plan  is  called,  is  most 
applicable  to  humid  parts  of  the  country  where  average  rainfall  is 
30  inches  or  more.  Areas  with  less  rainfall  have  problems  maintaining 
adequate  pool  levels  and  avoiding  stagnation,  eutrophication,  and  ex¬ 
cessive  aquatic  growth. 

Channel  Storage  -  Channels,  both  natural  and  man-made,  provide  signifi¬ 
cant  storage  capacity  within  an  urban  drainage  system.  Whenever  the 
actual  flow  within  a  channel  is  less  than  its  flow  capacity,  a  potential 
exists  for  storage  within  the  channel.  Controls  such  as  check  dams, 
overflow  weirs,  and  outlet  structures  may  be  necessarv  to  pond  water 
in  the  channels  when  the  flow  rate  is  less  than  channel  capacity.  The 
top  section  of  a  channel  can  be  widened  to  provide  storage  volume  when 
the  capacity  of  the  primary  channel  section  is  exceeded. 

Swale  Storage  -A  common  drainage  practice  for  urban  developments  is  the 
use  of  swales.  Swales  are  located  either  on  the  side  or  hack  of 
property  lines  and  drain  longitudinally  through  the  block.  Swales 
should  be  wide  and  shallow  with  a  rough  surface  and  gentle  slopes. 

Swales  can  be  developed  either  by  taking  advantage  of  natural  features 
or  by  design.  A  network  of  swales  can  be  included  in  a  development  plan 
for  an  urban  area. 

Subsurface  Detention  -  Subsurface  detention  involves  constructing  sub¬ 
surface  structures  to  store  runoff  during  storm  peaks.  After  peak 
runoff  passes,  the  excess  flow  stored  in  the  structure  is  released  back 
to  the  system.  The  storage  capacitv  can  he  provided  with  underground 


storage  tanks  or  oversized  storm  sewers  and  appurtenances.  These 
systems  have  generally  been  used  in  high  cost  developments  where  little 
or  no  open  space  for  alternative  systems  is  available.  For  undeveloped 
areas  such  as  those  considered  in  this  study  the  systems  appear  to  have 

little  potential. 

Inf iltration  -  Infiltration  is  a  method  whereby  surface  runoff  is 
temporarily  stored  to  allow  percolation  into  the  soil,  rather  than  allow 
ing  runoff  to  follow  natural  surface  courses.  Infiltration  systems  cur¬ 
rently  used  are  infiltration  basins,  diffusion  weTls,  deep  infiltration 
wells,  and  seepage  pits  and  trenches.  These  systems  can  recharge  ground 
water  supplies.  The  relative  impermeability  of  the  soil  in  the  (Iran d 
Forks  area  would  severely  limit  the  capability  of  these  systems.  Ground- 
water  sources  in  the  Grand  Forks  area  are  limited.  Recharge  of  the 
Dakota  aquifer  may  be  possible;  however,  the  aquifer  is  saline  and 
fresh  water  introduced  in  this  formation  would  probably  be  lost  as  a 
source  of  usable  water  supply. 


Storage  alternatives  are  summarized  in  table  4. 


Table  A  -  Storage  alternatives 


osts  borne  directly  by  property  owner 


_ Table  4  -  Storage  alternatives  (cont) 

Alternative _ _ _ Impacts _ 


i 


_ _ Table  4  -  Storage  alternatives  (cont) 

Alternative  Impacts 


Alternative  Routes  of  Conveyance 

This  alternative  addresses  possible  routes  for  directing  runoff 
from  the  drainage  areas  to  a  point  of  discharge  from  the  area.  It  is 
assumed  that  ultimately  all  excess  runoff  will  flow  into  the  Red  River 
of  the  North  unless  alternatives  such  as  infiltration  and  groundwater 
recharge  are  implemented.  Table  5  presents  a  matrix  of  alternative 
routes  and  identified  impacts  for  each  drainage  area  within  the  study 
limits. 
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Table  5  -  Drainage  route  alternatives (cant) 


Table  5  -  Drainage  route  alternatives  (cont) 


Directs  flow  against  natural  slope  of  land,  thus  increasing 
depths  of  cut  for  pipes  and  channels. 


Table  5  -  Drainage  route  alternatives  (  ront) 


Alternative  Methods  of  Conveyance 


The  basic  methods  of  conveying  urban  runoff  are  exposed  systems 
of  drainage  ditches  and  inclosed  systems  of  subsurface  conduits.  Kith 
both  systems,  trade-offs  exist  between  the  size  of  the  ditch  or  conduit 
and  its  slope.  A  ditch  or  conduit  with  a  steep  slope  has  a  larger 
carrying  capacity  than  the  same  size  section  with  a  flatter  slope. 
However,  steeper  slopes  result  in  deeper  cuts  and  more  excavation 
within  a  given  length.  When  an  unreasonable  depth  is  reached,  it  is 
necessary  to  either  reach  the  point  of  discharge  or  lift  the  flow  to 
a  higher  elevation.  To  lift  the  flow  requires  a  pumping  station  and  to 
optimize  the  size  of  the  pumping  station  usually  requires  a  ponding 

area  to  store  the  peak  flows.  The  cost  of  the  pumping  station  and  pond¬ 
ing  area  must  be  offset  by  the  cost  savings  from  the  reduced  excavation 

and,  in  the  case  of  conduits,  reduced  pipe  sizes.  The  ideal  situation 
is  a  ditch  or  conduit  at  a  slope  approximating  the  slope  of  the  ground. 

A  similar  trade-off  exists  between  the  flow  capacity  of  a  section 
and  upstream  storage.  By  providing  storage  before  runoff  enters  a 
ditch  or  conduit  section,  the  peak  flow  into  the  section  can  be  reduced 
and  the  required  size  and/or  slope  is  reduced.  Storage  can  occur  either 
within  areas  intended  for  storage  or  by  encroachment  upon  other  areas. 

Ditches  -  Ditches  are  generally  not  practical  for  extensive  use  in 
urban  areas  because  of  traffic  crossings,  real  estate  requirements,  and 
aesthetics.  However,  they  may  be  acceptable  for  conveying  flows  to  a 
primary  point  of  discharge  after  collection.  Collectors  would  consist 
of  a  system  of  conduits  usually  buried  beneath  the  streets.  The  col¬ 
lectors  would  discharge  into  the  ditches  similar  to  the  existing  systems 
in  Grand  Forks  that  discharge  into  English  Coulee  and  the  Red  River  of 
the  North.  To  be  compatible  with  the  collector  system  the  ditches  would 


generally  have  to  be  a  minimum  of  8  feet  deep  to  receive  gravity  flow 
from  the  collectors.  Shallow,  wide  ditches  often  considered  desirable 
for  urban  areas  would  not  be  feasible  as  interceptor  ditches.  To 
achieve  gravity  flow  into  the  existing  legal  drains  or  the  coulee 
would  require  maintaining  a  very  flat  slope  along  the  length  of  the 
ditch.  These  criteria  require  that  the  slope  of  the  ditch  approximate 
the  slope  of  the  land  which  is  generally  2.0  to  2.5  feet  per  mile. 

A  ditch  that  flows  against  the  slope  of  the  land  for  1  mile  will  be 
about  5  feet  deeper  at  the  downstream  end.  Therefore,  for  economics, 
it  is  desirable  to  take  advantage  of  the  slope  of  the  land  and  maintain 
a  fairly  constant  depth  to  be  able  to  achieve  gravity  flow  into  and 
out  of  the  ditch.  The  primary  variable  for  sizing  the  ditch  then  be¬ 
comes  its  width.  Although  the  depth  of  the  primary  section  of  the 
ditch  is  partially  determined  by  the  aforementioned  restrictions,  the 
top  section  of  the  ditch  can  be  widened  and  flattened  to  provide  storage 
for  runoff  from  a  rainfall  event  larger  than  the  selected  design  storm 
for  the  rest  of  the  system.  This  wide,  flat  top  section  can  serve  as 
a  buffer  zone  between  the  deeper  section  and  the  adjacent  land  use. 

It  also  is  consistent  with  the  basic  urban  drainage  principle  of  provid¬ 
ing  for  both  a  major  and  minor  drainage  system. 

Conduits  -  The  same  criteria  for  depths  and  slopes  apply  for  interceptor 
sewers  if  gravity  conditions  are  to  be  maintained.  For  conduits,  how¬ 
ever,  as  slopes  become  flatter,  the  loss  of  hydraulic  efficiency  becomes 
even  more  evident  than  for  ditches  as  costs  rise  more  dramatically. 

For  good  hydraulic  efficiency,  storm  sewer  conduits  should  he  constructed 
at  a  slope  of  about  10  feet  per  mile.  With  a  minimum  cover  of  3  feet, 
a  60-inch  conduit,  for  example,  would  initially  require  a  depth  of  cut 
of  8  feet.  Assuming  the  land  slopes  3  feet  per  mile,  and  a  pipe  slope  of 
10  feet  per  mile,  the  depth  of  cut  at  the  end  of  a  1-mile  run  would  he 
15  feet.  In  the  study  area,  the  extremities  of  the  drainage  areas  are 
typically  1  mile  or  more  from  a  primary  point  of  discharge  (coulee, 
legal  drain,  or  floodway).  Basically  two  options  exist  for  conduit 
interceptors : 
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a. 


Construct  the  conduit  at  a  desirable  slope  to  minimize 
conduit  sizes  and  use  pumping  stations  to  lift  the  flow  when  depth 
of  cut  becomes  unreasonable. 

b.  Construct  the  conduit  at  a  slope  where  gravity  conditions 
can  be  maintained  throughout  the  system  and  use  larger  conduit  sizes 
to  compensate  for  the  flat  slopes. 

A  disadvantage  of  a  conduit  is  that  if  the  slope  is  controlled,  not 
only  does  the  cost  increase  because  of  larger  conduit  sizes,  but  the 
depth  of  the  conduit  section  also  increases.  This  compounds  the  pro1 
of  maintaining  the  flow  line  above  the  receiving  ditch.  In  contrast, 
the  capacity  of  an  interceptor  ditch  can  be  increased  by  widening  thi 
section  and  not  changing  its  depth. 

COMBINED  ALTERNATIVES 

The  optimum  urban  drainage  system  is  a  combination  of  the  alterna¬ 
tives  previously  discussed.  It  is  beyond  the  scope  of  this  stage  of 
study  to  undertake  a  detailed  systems  analysis  involving  modeling 
and  extensive  rainfall  routing  through  the  drainage  basin.  However, 
a  method  was  desired  to  combine  basic  alternatives,  apply  the  combined 
alternatives  to  the  study  area,  and  assess  them. 

All  the  land  in  the  study  area  is  within  3  miles  of  an  existing 
major  drainageway  (Red  River  of  the  North,  English  Coulee,  English 
Coulee  floodway,  or  a  legal  drain).  Runoff  from  the  study  area  was 
assumed  to  ultimately  be  discharged  into  one  of  the  drainageways .  From 
a  basic  unit  of  one  section  (640  acres),  three  types  of  catchment  units 
were  observed. 


A  Units  -  Sections  adjacent  to  the  existing  major  drainageways . 
Approximately  70  percent  of  the  units  are  in  this 
category . 

B  Units  -  Sections  upstream  and  adjacent  to  the  A  units.  These 

units  are  within  1  mile  of  the  existing  major  drainage- 
ways  and  account  for  about  20  percent  of  the  study  area. 

C  Units  -  Sections  upstream  and  adjacent  to  the  B  units.  These 

units  are  within  2  miles  of  the  existing  major  drainage- 
ways  and  account  for  only  about  10  percent  of  the  study  area. 


By  taking  a  set  of  combined  alternatives,  evaluating  it  for  the  three 
basic  units  (A,  B,  and  C) ,  and  applying  the  typical  catchment  units  to  the 

entire  study  area,  it  is  possible  to  approximate  a  total  combined  system 
of  alternatives.  Although  this  analysis  would  not  be  appropriate  for 
detailed  studies,  it  was  used  in  this  preliminary  analysis  primarily  to 
indicate  magnitude  of  impacts  and  determine  the  scope  and  direction  of 
future  study. 

The  possible  combinations  of  basic  alternatives  would  he  too 
numerous  to  analyze.  Therefore,  basic  alternatives  were  combined  to 
generate  a  range  of  combined  alternatives.  The  combined  alternatives 
consist  of  combinations  of  (1)  methods  of  conveyance,  (2)  routes  of 
conveyance,  and  (1)  storage  alternatives.  A  fourth  variable,  the  design 
storm  frequency,  was  introduced  to  demonstrate  its  impact.  Several  com¬ 
bined  alternatives  were  analyzed  with  both  a  5-  and  a  10-year  design 
rainfall  for  runoff. 
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Routes  of  conveyance  were  analyzed  and  two  basic  layouts  were 
developed  for  the  analysis  of  combined  alternatives.  Layout  1  was  used 
for  alternatives  la,  lb,  and  2a  (see  figures  (S  and  7).  Layout  2 
was  used  for  alternatives  lc.  Id,  2b,  3a,  and  3b  (see  figures  8,  9,  and 

10)  . 

The  assumed  layout  of  the  collection  system  for  runoff  within 
each  catchment  unit  is  shown  on  figure  11  •  The  hydrologic  routing 
of  runoff  and  the  sizing  of  drainage  facilities  were  calculated  from 
this  assumed  layout.  Collection  and  conveyance  within  the  1-square  mile 
unit  were  not  examined  in  detail.  The  collection  system  was  assumed  to 
deliver  runoff  to  the  major  interceptor  passing  through  the  unit.  Only 
the  impacts  of  the  interceptor  system  were  considered  in  the  combined 
alternatives  and  the  cost  analysis. 
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Alternative  1 


This  alternative  considers  development  of  an  inclosed  system 
of  interceptor  conduits  to  convey  runoff  flows  from  the  catchment 
units  to  the  existing  major  drainageway s .  Runoff  was  determined  by 
the  rational  formula  using  a  composite  runoff  coefficient  of  0.15. 

To  avoid  pumping  requirements  it  was  considered  desirable  to 
maintain  gravity  flow  between  the  collector  system,  the  interceptors, 
and  the  existing  drainageways.  This  criterion  required  a  minimum  depth 
of  8  feet  for  the  interceptors.  The  outlet  elevations  of  the  intercep¬ 
tors  were  controlled  by  the  depths  of  the  existing  drainageways  at  the 
point  of  discharge.  This  resulted  in  a  slope  on  the  interceptors  of 
0.0005  foot  per  foot  which  approximates  the  natural  slope  of  the  ground. 
This  limitation  on  slope  increases  the  required  conduit  sizes  but 
avoids  requirements  for  pumping  stations.  Tables  6,  7,  8,  and  9  and 
figures  b  and  8  summarize  the  facilities  required  within  the  studv 
area  for  development  ot  this  alternative.  In  addition  to  the  interceptor 
conduit,  the  analysis  includes  costs  lor  the  I  ol  lowing  appurtenances.' 

a.  Manholes  -  five  per  mile  of  interceptor. 

b.  Outlet  structures  and  flap  gates  at  all  outlets. 

c.  All  excavation  and  installation  costs  for  the  interceptors. 

Variations  of  this  alternative  were  analyzed  by  changing  the  interceptor 
layout  and  the  design  storm  frequency  as  follows: 


Alternative 


Route 


Design  storm 


la 

Layout  1 

5-year 

lb 

Layout  1 

10-year 

Ic 

Layout  2 

5-year 

Id 

Layout  2 

10-year 
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Table  7  -  Alternative  lb  -  interceptor  conduit  layout  1,  10-year  stQrm 


Alternative  lc  -  interceptor  conduit  layout  2,  5-year  storm 


Alternative  2 


This  alternative  considers  development  of  an  exposed  svsteni  id 
interceptor  ditches  to  convey  runoff  flows  from  the  catchment  units 
to  the  existing  major  dm  inac.ev'nv;, .  Runoff  was  determined  hv  the 
rat  ional  formula  using  a  composite  i  mini f  coeltieient  of  0.(5.  As 
with  alterna' .  ,e  1,  it  was  considered  desirable  to  avoid  pumping  recm 
ments  and  maintain  gravity  flow  throughout  the  system.  This  criteri  n 
required  a  minimum  ditch  depth  ot  8  feet  and  a  ditch  slope  ot  0.000.) 
foot  per  foot.  With  the  slope  and  depth  predetermined  and  assuming 
2  on  1  side  slopes,  it  was  determined  that  an  interceptor  ditch  with  a 
2-foot  bottom  width  would  carry  runoff  from  the  5-year  storm.  Similar  I v. 
a  ditch  with  an  8-foot  bottom  width  would  carry  runoff  from  the  10-vear 
storm.  A  ditch  with  a  2-foot  bottom  width  was  considered  impractical 
because  of  difficulties  with  construction  and  maintenance.  Therefore, 
only  the  10-year  storm  was  considered  in  the  analysis  of  alternative  2. 

The  costs  for  designing  for  runoff  from  the  5-  or  10-vear  storm  for 
this  alternative  would  be  essentially  identical.  Tables  10  and  11  and 
figures  7  and  9  summarize  the  requirements  for  development  of  this  alter¬ 
native  within  the  study  area.  In  addition  to  the  costs  for  the  ditches,  the 
analysis  includes  costs  for  the  following  appurtenances: 

a.  Road  crossings  -  four  crossings  per  mile  of  ditch. 

b.  Real  estate  -  60-foot  right-of-way. 

c.  Inlet  structures  -  eight  structures  per  mile  of  ditch. 

d.  Outlet  structures  and  flap  gates  at  all  outlets. 

This  alternative  was  analyzed  for  the  two  basic  layouts: 

Alternative  2  ;1  -  Layout  1,  10-vear  storm. 

Alternative  2b-  Layout  2,  10-vear  storm. 
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Table  10  -  Alternative  2a  -  interceptor  ditches  layout  1,  10-year  storm 


Alternative  3 


This  alternative  considers  development  of  an  inclosed  system  of 
interceptor  conduits  to  convey  runoff  flows  from  the  catchment  units 
to  the  existing  major  drainageways .  Runoff  was  determined  by  the 
rational  formula  using  a  composite  rune  coefficient  of  0.35.  This 
alternative  evaluated  tiie  combination  of  storage  and  pumping  with  the 
basic  interceptor  conduit  system.  Again,  the  minimum  8-foot  depth 
of  conduit  was  maintained  for  gravity  flow  between  the  collection 
system  and  the  interceptors.  To  reduce  the  conduit  size  from  those 
determined  for  alternative  1,  a  slope  of  0.002  foot  per  foot  was 
assumed  for  the  interceptor.  At  the  end  of  a  1-mile  run,  the  depth 
of  the  conduit  would  increase  from  8  feet  to  about  16  feet,  the 
maximum  depth  practical  for  construction.  At  this  point  the  interceptor 
would  discharge  into  a  ponding  area  and  then  a  lift  station  would  pump 
the  water  into  the  next  interceptor  or  into  the  receiving  drainageway. 

This  alternative  involves  a  trade-off  of  reduced  interceptor  conduit  sizes 
and  the  addition  of  pump  stations  and  ponding  areas.  Tables  12  and  13 
and  figure  10  summarize  the  requirements  for  development  of  this 
alternative  within  the  study  area.  The  analysis  includes  first  costs 
for  the  following: 

a.  Interceptors,  including  excavation  and  installation  costs. 

b.  Manholes  -  five  manholes  per  mile  of  interceptor. 

c.  Outlet  structures  and  flap  gates  at  all  outlets. 

d.  Ponding  areas  -  all  construction  and  real  estate  costs. 

e.  Pumping  station  -  all  first  costs.  Equivalent  first  costs 
for  annual  operation  and  maintenance  are  estimated  in  column  5  of  table 
14. 

This  alternative  was  analyzed  for  layout  2  only  with  both  a  5-year  and 
10-year  design  rainfall: 

Alternative  3a  -  Layout  2,  5-year  storm. 

Alternative  Jb  -  Layout  2,  10-year  storm. 
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Alternative  3a  -  interceptor  conduit,  ponding,  pumping  lavout  2  -  5-vear  storm 


Number  of  pumping  stations  and  size  in  gallons  per  minute.  **  Number  of  ponding  areas  and  size  in  acre-feet. 


_ Table  14-  Summary  of  combined  alternatives _ _ 

Method  of  con-  Route  of  con-  Design  storm  First  Equivalent  first  costs  Total  first 

veyance  veyance  frequency  cost  of  pump  station  annual  costs 

O&M 


Summary  of  Impacts 

Table  15  summarizes  the  economic,  technical,  environmental,  and 
social  impacts  of  the  combined  alternatives. 
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Table  15  -  Sanitary  of  impacts  of  combined  alternatives  (Cont) _ 

Alternative  1  Alternative  3 

Inclosed  system  of  inter-  Alternative  2  Inclosed  system  of  inter- 
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CONCLUSIONS 


On  the  basis  of  initial  stage  2  analysis  of  urban  drainage 
problems  at  Grand  Forks,  the  following  conclusions  were  reached: 

a.  Ditch  alternatives  are  least  costly.  Possible  adverse 
environmental  and  social  impacts  of  the  ditch  alternatives  may  be 
greater  than  those  of  the  other  alternatives  investigated .  Ditches 
have  the  advantage  of  being  adaptable  to  the  flat  topography  in  the 
Grand  Forks  area.  Once  ditch  rights-of-way  are  established,  it  is  fairly 
easy  and  economical  to  modify  the  system  to  accommodate  changed  condi¬ 
tions.  This  is  an  especially  desirable  feature  in  an  area  where  future 

development  is  expected  to  occur.  A  ditch  system  has  excellent 
capability  for  providing  both  a  minor  system  of  drainage  for  frequent 
runoff  events  and  a  major  system  for  more  infrequent  events.  A  major 
problem  with  ditches  is  that  ice  jams  occur  during  spring  thaws  and 
greatly  reduce  the  effectiveness  of  the  ditches  during  these  periods. 

b.  Conduit  alternatives  without  pumping  or  storage  have  the 
greatest  economic  cost  and  possibly  the  least  adverse  environmental 
and  social  impacts.  To  maintain  gravity  flow  throughout  the  system 
requires  close  control  of  conduit  slopes.  The  reasons  are  the  flat 
terrain,  limited  depth  of  the  receiving  drainagewavs ,  and  lengths 

of  interceptor  required.  Limitations  on  slope  result  in  larger  con¬ 
duits.  The  economic  cost  of  the  conduit  alternative  utilizing  ponding 
and  pumping  is  somewhat  less  than  for  conduits  without  these  facilities, 
but  the  environmental  and  social  impacts  are  somewhat  more  adverse. 

This  alternative  would  result  in  development  of  numerous  ponding 
areas  and  pumping  stations  that  would  require  annual  operation, 
maintenance,  and  replacement  costs  higher  than  the  other  alternatives 
considered. 


66 


c.  Storage  alternatives  that  show  the  most  potential  ier  imple¬ 
mentation  are  swale  development,  street  storage,  and  small  temporal', 
impoundment  s .  Permanent  impoundments  are  net  desirable  because  ot  ni'ob- 
lems  of  maintaining  permanent  poo  1  levels,  costs  ol  construct  Ion,  and 
potential  nuisance  problems  that  can  develop.  Ponding  areas  incorporate! 
in  the  interceptors  are  not  particularly  effective  because  of  problems 
of  achieving  gravity  flow  into  and  out  o!  the  ponding  areas. 

d.  With  full  urban  development  of  the  studv  area,  the  hvdraul  ie 
capacity  of  the  English  Coulee  floodwav  and  the  legal  drains  mav  bo  ex¬ 
ceeded  more  often  than  is  acceptable. 

RECOMMENDATIONS 

For  this  report  the  hydrologic  impacts  of  urban  runoff  on  the  ma]or 
existing  drainageways  were  not  determined.  The  impacts  assessment,  onlv 
qualitatively  identifies  these  effects.  Future  study  should  focus  on 
routing  flows  through  the  watersheds  to  determine  (1)  the  impact  of  urba 
runoff  from  the  studv  area  on  the  total  svstem  ami  ( ?. )  the  capability  o' 
the  drainagewavs  to  accommodat.  the  estimated,  runoff  from  the  studv  are: 
If  the  existing  d ra  i n.i c.owa  vs  are  not  .nletju.it  e,  eon"  i  J.  t.i  t  ion  should  he 
given  to  necessary  impre vemenl s . 

Within  the  studv  area,  local  storage  alternative,  should  be  <  mi.  in.  ; 
with  the  conduit  interceptor  alternatives.  \n  pit  irnur  erihitiat  i  <  : . 
be  tleveloped  to  reduce  required  conduit  sic.es,  maintain  rr  ec  ;  :  '  ! 

throughoiit  the  system,  and  redm  e  t  tie  input  rime'1  .  St  "tap.  «’■  : 

natives  should  focus  pr  invar  i  I  v  on  storage  methods  an  !  .  in  .  • 

into  development  plans  and  be  implemented  local  lv  bet.  i  t-  sur'.ue  •  uu 
enters  the  publicly-owned  drainage  system. 

A  f  t  er  the  comb  i  ned  alternatives  a  re  opt  i  ni  i  r.  e  d  ,  an  ov.  i  a  .  1  ora.  .a  1 
plan  should  be  developed  for  implementation  at  the  local  level. 
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STAGE  3  FLOOD  CONTROL  STUDIES 


SUMMARY  OF 

STAGE  2  STUDY  FINDINGS 

GENERAL 

Several  structural  and  nonstructural  solutions  to  floodplain  manage 
ment  needs  in  the  Grand  Forks,  North  Dakota-East  Grand  Forks,  Minnesota, 
area  were  addressed  during  stage  2  studies: 

Nonstructural 

No  further  public  action 

Flood  warning  and  forecasting  services 

Flood  insurance 

Floodplain  regulations  and  practices 
Evacuation/ re location 
Flood  proofing 

Emergency  flood  fighting  and  relief  activities 

Structural 

Flood  barriers 

Diversion  of  Red  River  of  the  North  floodwaters  around  the  west  sid 
of  Grand  Forks 
Reservoir  storage 
Channel  and  bridge  modifications 
English  Coulee  closure  structure 

Diversion  of  Red  River  of  the  North  or  Red  Lake  River  floodwaters 
around  east  side  of  East  Grand  Forks 

The  stage  2  plan  formulation  studies  indicated  that  none  of  the  non 
structural  alternatives  were  feasible  or  viable  alone.  In  many  instance 
however,  they  would  be  effective  complements  to  flood  barriers.  Several 
measures  (such  as  flood  warning  and  forecasting,  flood  insurance,  flood- 
plain  management  regulations,  and  emergency  flood  fight  measures)  are 


currently  being  used  to  prevent  or  reduce  flood  damages  in  the  study  area. 

The  stage  2  formulation  analyses  suggested  that,  while  permanently  evacuating, 
relocating,  or  flood  proofing  the  entire  study  area  was  not  economically  fea¬ 
sible,  a  combination  of  these  measures  might  be  feasible  in  Reaches  1  and  6." 

These  studies  also  indicated  that  three  structural  measures  merited 
further  study: 

1.  Raising  the  existing  Lincoln  Park  (Reach  2)  levee/f loodwal 1 . 

2.  A  closure  structure  across  English  Coulee  (Reach  6). 

3.  Diverting  Red  Lake  River  floodwaters  around  East  Grand  Forks  via 
Grand  Marais  Coulee. 

During  the  April  1979  flood,  it  was  feared  that  the  wooden  plank  flood- 
wall  portion  of  the  existing  emergency  flood  barrier  in  Reach  5  (Riverside 
Park)  might  fail.  A  backup  levee  which  excluded  four  homes  was  constructed 
to  prevent  flooding  of  the  entire  neighborhood  in  the  event  the  floodwall 
failed.  Subsequently,  the  four  homes  were  flooded  when  a  sewerline  ruptured 
between  the  floodwall  and  backup  levee.  Local  interests  purchased  the  four 
homes  to  qualify  for  Federal  assistance  in  removing  them  and  constructing 
an  earthen  levee  through  their  former  sites  to  replace  the  wooden  floodwall. 
The  removal  of  these  homes  also  resurrected  interest  in  examining  the  econo¬ 
mic  feasibility  of  a  permanent  flood  barrier  along  a  new  alignment  in  stage 
3  of  the  urban  study. 

The  record  April  1979  flooding  along  English  Coulee  generated  stro  g 
support  for  flood  control  measures  along  the  coulee.  In  response  to  re¬ 
quests  for  permanent  flood  control  measures,  the  city  undertook  design  and 
construction  of  combined  road  raises  and  sewer  modifications  for  two  areas 
along  the  coulee.  The  Soil  Conservation  Service,  Grand  Forks  County  Water 
Management  and  Control  Board,  and  city  collaborated  on  alternative  schemes 
for  controlling  and  diverting  runoff  in  the  coulee's  upper  watershed.  These 
schemes  had  to  be  taken  into  account  by  the  Corps  when  formulating  and 
evaluating  stage  3  flood  control  alternatives. 

I  Descriptions  of  Reaches  1  through  b  are  provided  in  the  stage  2 
report  on  floodplain  management  studies  in  Grand  Forks. 
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Flood  threats  in  the  vicinity  of  Belmont  Road  in  Reach  1  rekindled 
requests  for  permanent  protection  for  this  area.  Of  particular  concern 
were  areas  along  Belmont  Road  between  13th  and  17th  Avenues  South,  Lhe 
Olson  Drive-East  Elmwood  area,  and  the  Terrace  Drive  area  along  Belmont 
Coulee.  The  city  specifically  requested  evaluation  of  a  closure  structure 
near  the  mouth  of  the  coulee. 

PURPOSE  AND  SCOPE 

The  purpose  of  this  stage  3  investigation  was  to  formulate  and  evalu¬ 
ate  in  greater  detail  the  alternatives  recommended  for  further  study  plus 
the  Riverside  Park  and  Belmont  Coulee  closure  structure  alternatives.  This 
study  effort  was  intended  to  evaluate  the  economic  feasibility  of  these 
alternatives  and  to  provide  a  preliminary  appraisal  of  the  environmental 
and  social  well-being  impacts  attributable  to  each  alternative, 

PLAN  FORMULATION 

PLANNING  OBJECTIVES 

Two  principal  planning  objectives  were  used  to  guide  the  formulation 
process;  the  national  economic  development  objective  and  environmental 
quality  objective.  Specific  local  floodplain  management  planning  objectives 
developed  early  in  the  stage  2  studies  and  further  refined  on  the  basis  of 
the  results  of  those  studies  include  the  following: 

•  Contribute  to  the  reduction  of  recurring  flood  losses  in  the  Grand 
Forks-East  Grand  Forks  area  to  relieve  the  economic  and  psychological  bur¬ 
dens  on  society  and  local  residents  during  the  1980-2030  planning  period. 

•  Contribute  to  the  maintenance  and  enhancement  of  the  environmental 
quality  of  riverine  woodlands  and  wetlands  in  the  study  area  to  increase 
wildlife  and  recreational  values  during  the  1980-2030  planning  period. 

•  Contribute  to  development  of  a  plan  for  effective  floodplain  manage¬ 
ment  for  the  1980-2030  planning  period  to  ensure  responsiveness  to  local 
desires,  compatibility  with  other  ongoing  planning  efforts,  and  acceptability 
to  area  lesidents. 
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•  Contribute  to  the  development  of  a  flood  emergency  plan  of  action 
to  ensure  efficient  local  reaction  to  serious  flood  threats  during  the 
1980-2030  planning  period. 

FORMULATION  AND  EVALUATION  CRITERIA 

Specific  formulation  and  e  luation  criteria  used  in  this  study  in¬ 
cluded  economic,  technical,  environmental,  and  social  well-being  criteria. 

Ee o no mix  C rite r  i  a 

•  Tangible  economic  benefits  of  any  selected  plan  must  exceed  re¬ 
lated  costs;  i.e.,  a  benefit-cost  ratio  exceeding  unity. 

•  Annual  costs  and  benefits  are  based  on  a  l 00-year  economic  life, 
a  6  7/8-percent  interest  rate,  and  August  1979  price  levels. 

Technic  a  1_  Cr  i  ter  in 

•  Where  feasible,  nonstnictur.i  I  measures  are  to  be  preferred  over 
structural  measures. 

•  All  flood  barriers  and  channel  mod  i  f  ion  t  i  nils  will  provide  3  and 
2  feet  of  freeboard,  respectively,  over  the  design  water  surface 
prof  lie. 

•  Where  feasible,  the  flood  barrier  freeboard  should  contain  the 
standard  project  flood  flow  or  the  maximum  practical  level  of  pro¬ 
tect  ion  . 

•  Unstable  riverbanks  will  not  be  overloaded  or  loaded  in  excess  of 
acceptable  design  limits. 

•  For  any  flood  proofing  alternative,  no  structure  will  bo  flood 
proofed  to  a  height  greater  than  3  feet  if  it  is  more  than  100- 
feet  riverward  of  the  100-year  flood  out  1  ini'  or  if  its  first  floor 
is  more  than  2  feet  below  the  100-year  water  surface  elevation. 

•  Appropriate  Corps  engineering  standards,  regulations,  and  guide¬ 
lines  will  be  complied  with. 
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Environmental  Criteria 


•  Measures  minimizing  adverse  environmental  effects  and  maximizing 
environmental  benefits  before,  during,  and  after  construction  will 
be  developed  and  selected. 

•  Where  feasible,  the  loss  of  riverine  woodlands  and/or  wetlands  and 
associated  habitat  will  be  minimized. 

Social  Well-Being  Cr i t e r i a 


•  The  potential  for  loss  of  life  and  threats  to  public  health  and 
safety  during  flood  periods  should  be  minimized. 

•  Social,  cultural,  historic,  and  aesthetic  values  in  the  study  area 
should  be  preserved  and,  where  practical,  enhanced. 

•  Any  selected  plan  must  be  responsive  to  the  desites  of  the  com¬ 
munity  and  be  acceptable  to  the  people. 

ALTERNATIVES 

On  the  basis  of  the  recommendations  of  the  stage  2  floodplain  manage¬ 
ment  studies  and  subsequent  coordination  with  local  interests,  the  following 
alternatives  were  selected  for  further  study: 

•  Reach  1  -  Combine  flood  proofing  and  evacuation  in  selected  areas. 

•  Reach  1  -  Place  a  closure  structure/pumping  station  across  Belmont 

Coulee . 

•  Reach  1  -  Raise  Belmont  Road  in  the  13th  to  17th  Avenue  South  area. 

•  Reach  2  -  Incease  the  level  of  protection  of  the  existing  Lincoln 

Park  flood  barrier. 

•  Reach  5  -  Modify  flood  barrier  types  and  alignments  considered  in 
stage  2  studies. 

•  Reach  6  -  Construct  a  closure  structure/pumping  station  near  the 
mouth  of  English  Coulee. 

•  Reach  6  -  Combine  flood  proofing  and  evacuation  in  selected  areas. 

•  Grand  Marais  Coulee  diversion. 
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Reaches  _1  n  6  -  Combined  Flood  Proofing  and  Evaeuat  ion 

Tbe  stage  2  studies  indicated  that  flood  proofing  appeared  to  be  the 
only  practical  solution  for  Reaches  l  and  6.  Those  same  studies,  while  in¬ 
dicating  that  flood  proofing  alone  would  not  provide  economically  feasible 
solutions  for  these  reaches,  did  indicate  that  combined  flood  proofing  and 
permanent  evacuation  proposals  may  be  practical  and  economically  feasible. 
Thus,  this  alternative  provides  for  flood  proofing  of  eligible  structures 
in  Reaches  1  and  6  together  with  the  permanent  relocation  of  ineligible 
structures  located  within  the  design  floodplain. 

The  Reach  l  study  area  (figure  1)  includes  the  100-year  floodplain 
along  Belmont  Coulee  and  along  the  Red  River  of  the  North  between  Almonte 
Avenue  extended  (at  the  north  end  of  Lincoln  Park)  and  the  southerly  city 
limits.  In  the  100-year  Reach  1  floodplain  are  256  residences,  1  commercial- 
industrial  structure,  and  2  public  structures  that  could  be  flood  proofed. 

The  study  area  for  English  Coulee  includes  the  100-year  floodplain  extending 
from  Mill  Road  upstream  to  32nd  Avenue  South  as  shown  on  figure  2.  Approx¬ 
imately  358  homes,  15  commercial-industrial  structures,  and  11  public  struc¬ 
tures  are  located  within  the  100-year  English  Coulee  floodplain. 

In  general,  any  structure  not  more  than  100  feet  within  the  design 
flood  outline  and/or  having  a  first  floor  elevation  not  more  than  2  feet 
below  the  design  water  surface  elevation  was  considered  for  flood  proofing. 
Structures  not  meeting  these  criteria  would  either  be  relocated  to  a  flood- 
free  site  or  razed  depending  on  type  and  physical  condition. 

Although  most  simply  and  economically  incorporated  into  new  construc¬ 
tion,  flood  proofing  is  in  many  instances  applicable  to  existing  development. 
Flood  proofing  as  considered  in  this  analysis  includes  measures  such  as  low 
barriers  to  protect  small  clusters  of  structures  and  various  measures  to 
protect  individual  structures.  Individual  residences  would  be  flood  proofed 
by  either  permanent  or  temporary  sealing  of  low-level  window,  door,  and  other 
openings;  installing  floor  drain  standpipes  and/or  check  valves;  and,  where 


CONSIDERED  FLOOD  PROOFING 
AND  EVACUATION  PLAN 

REACH  1 


practical,  constructing  low  barriers  to  protect  walkout  basement  levels. 
Relocation  of  utilities  and  other  equipment  to  flood-free  levels  within  the 
structure  was  considered  in  some  instances. 

Commercial,  industrial,  and  public  structures  would  be  flood  proofed 
with  either  fixed  or  movable  bulkheads  across  low-level  window,  door,  and 
other  openings  depending  on  building  use  requirements;  reinforcing  and  water¬ 
proofing  of  masonry  walls  where  practical;  and  modification  of  depressed 
loading  ramps  where  feasible.  Along  English  Coulee,  a  cluster  of  commercial 
structures  along  U.S.  Highway  81  would  be  better  protected  by  a  flood 
barrier  rather  than  individual  structure  measures.  In  other  instances,  low 
earth  berms  or  concrete  walls  around  individual  structures  would  be  more 
cost  effective.  In  a  few  instances  and  for  the  smaller  structures,  raising 
the  structure  on  fill  would  be  effective.  Figure  2  is  a  map  showing  the 
approximate  location  and  general  type  of  flood  proofing  or  evacuation  mea¬ 
sures  considered  for  Reach  6. 

The  city  of  Grand  Forks  is  investigating  flood  damage  reduction  mea¬ 
sures  along  English  Coulee.  The  city  recently  raised  South  30th  Street 
from  11th  Avenue  South  to  14th  Avenue  South  and  installed  flapgates  on  two 
storm  sewer  lines.  These  measures,  with  an  appropriate  temporary  sandbag 
or  earthen  closure  across  DeMers  Avenue,  would  provide  a  100-year  level 
of  protection  (without  freeboardl  to  the  area  east  of  South  30th  Street. 

The  city  has  also  provided  closure  devices  at  two  existing  culverts 
through  Columbia  Road  just  north  of  U.S.  Highway  2.  Closure  of  these  cul¬ 
verts  will  prevent  floodwater  backup  into  the  residential  area  south  of 
10th  Avenue  North.  However,  these  measures  would  provide  only  a  50-year 
level  of  protection. 

Measures  under  consideration  by  the  city  for  Reach  1  (see  figure  1) 
include  creation  of  a  flood  assessment  district  for  the  flood-prone  area 
between  13th  and  17th  Avenues  South  along  Belmont  Road  and  a  closure 
structure  at  the  Belmont  Road  crossing  of  Belmont  Coulee.  The  district 
would  provide  for  assessment  of  affected  residents  to  meet  the  costs  of 
emergency  flood  barriers  along  Belmont  Road  together  with  required  tem¬ 
porary  interior  drainage  pumping.  Both  measures,  assuming  the  temporary 
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measures  are  effective,  would  eliminate  the  need  for  flood  proofing. 


Estimated  first  costs  for  flood  proofing  were  determined  in  accord¬ 
ance  with  procedures  outlined  in  the  Corps  of  Engineers'  publication 
"Estimating  Costs  and  Benefits  for  Nonstructural  Flood  Control  Measures," 
dated  October  1975.  Other  useful  cost  and  benefit  data  were  obtained  from 
the  Corps  of  Engineers'  publication  "Physical  and  Economic  Feasibility  of 
Nonstructural  Floodplain  Management  Measures,"  dated  March  1978.  Levee 
and  floodwall  costs  were  determined  using  prevailing  material  and  labor 
costs . 

Estimated  total  100-year  plan  first  costs  for  Reach  6  flood  proofing 
and  evacuation  (see  figure  2)  would  be  $1,180,000.  Total  first  costs  for 
the  considered  Reach  1  measures  shown  on  figure  1  would  be  $2,596,000. 

Reach  1  -_  BeJmonJ^  C ou _le e  C_1  o sure 

About  5  years  ago,  the  North  Dakota  State  Water  Commission  prepared 
designs  and  cost  estimates  for  a  closure  structure  across  Belmont  Coulee 
at  Belmont  Road.  This  structure  (see  figure  3)  was  designed  to  prevent 
100-year  Red  River  floodwaters  from  entering  the  coulee.  With  this  plan, 
the  existing  road  embankment  would  be  modified  to  serve  as  the  closure. 

A  72-inch  flapgated  culvert  would  pass  normal  flows  through  the  barrier. 

A  pumping  station  consisting  of  four  15,000  gpm  (gallon  per  minute)  pumps 
would  pass  interior  runoff  from  the  coulee  during  floods.  Two  42-inch 
RCP  (reinforced  concrete  pipe)  gated  culverts  would  discharge  pumped  flows 
through  the  barrier.  The  stage  3  analysis  considered  this  same  proposal 
in  response  to  renewed  interest  by  the  city. 

Reach  1  -  Belmont  Road_Rai.se 

Also  in  response  to  concerns  expressed  by  the  city  during  stage  3 
studies,  a  raise  of  Belmont  Road  between  13th  and  17th  Avenues  South  was 
considered  (see  figure  3).  The  maximum  practical  level  of  protection 
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was  determined  to  be  about  the  50-year  level  or  an  elevation  of  about 
830.0.  The  maximum  raise  would  be  about  3  feet  (at  15th  Avenue  South)  . 
The  total  length  of  road  raise  would  be  about  1,160  feet. 


Reach_^_j-  Lincoln  Park  Flood_  Barjj.ej-_ jla ise 

The  existing  federally-constructed  flood  control  project  in  Reach  2 
consists  of  a  5,160-foot  earthen  levee  with  an  average  top  height  of  14 
feet,  a  770-foot  reinforced  concrete  floodwall,  and  interior  drainage 
works  including  a  21,720-gpm  pumping  station  as  shown  on  figure  4.  The 
levee  has  a  10-foot  top  width  and  2.5  horizontal  to  1.0  vertical  side  slopes. 
The  project  was  designed  to  protect  the  Lincoln  Park  residential  area 
from  a  79,000-cfs  or  50-year  Red  River  of  the  North  flow  with  2  feet  of 
freeboard . 

The  79,000  cfs  flow  was  the  maximum  flood  of  record  when  the  project 
was  constructed  in  1958.  On  the  basis  of  current  hydrologic  and  updated 
hydraulic  data,  the  average  top  elevation  of  the  flood  barrier  is  approxi¬ 
mately  equivalent  to  a  50-foot  stage  at  the  Grand  Forks  gage  (gage  zero  - 
778.35,  1929  adj.)  or  a  1.25-percent  chance  (80-year)  flood  height.  With 
3  feet  of  freeboard,  the  levee  provides  a  30-year  level  of  protection. 

Local  interests  are  interested  in  upgrading  the  Reach  2  flood  barrier 
to  provide  a  higher  level  of  protection.  The  completed  stage  2  studies 
considered  a  3.6-foot  vertical  raise  of  the  existing  5,160-foot  levee 
together  with  a  1,480-foot  floodwall  extending  upstream  from  the  existing 
770-foot  floodwall,  increased  capacity  of  the  interior  drainage  pumping 
station,  and  the  Lemoval  of  18  homes  along  the  new  floodwall  alignment. 

The  considered  1,480-foot  floodwall  was  designed  to  connect  with  con¬ 
sidered  Reach  1  flood  barrier  measures.  For  the  stage  2  plan,  removal 
of  the  18  homes  was  considered  necessary  to  provide  a  practical  and  tech¬ 
nically  feasible  floodwall  alignment.  Provision  of  a  floodwall  river- 
ward  of  the  homes  would  require  a  very  high  floodwall  along  an  unstable 
riverbank  area. 
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In  the  Grand  Forks  area,  100-year  protection  depends  on  the  availa¬ 
bility  of  sufficient  high  ground  elevation  for  flood  barrier  tiebacks. 

The  stage  2  studies  used  project  document  data  from  the  existing  Corps 
project  for  the  considered  levee  raise  together  with  U.S.  Geological 
Survey  topographic  data  for  the  1,480-foot  floodwall  extension.  Using 
this  data  base,  the  stage  2  studies  indicated  that  the  considered  100- 
year  Reach  2  modif icat ions  would  be  economically  infeasible  as  indicated 
by  the  0.34  benefit-cost  ratio.  However,  these  same  studies  indicated, 
based  on  the  limited  available  engineering  data,  that  a  50-year  level  of 
protection  would  be  marginally  feasible.  Thus,  it  was  recommended  that 
the  study  results  be  reviewed  in  stage  3  using  more  detailed  field  topo¬ 
graphic  and  foundations  data  together  with  consideration  of  benefits  re¬ 
sulting  from  the  reduction  of  future  flood  damages.  Peak  floodwater 
stages  during  the  April  1979  flood  reached  the  crest  of  the  existing 
levee  at  two  locations,  further  emphasizing  the  need  for  modifications. 

Thus,  on  the  basis  of  more  detailed  topographic,  soils  and  economic 
data  and  desires  of  local  interests,  this  stage  3  analysis  also  considered 
raising  and  extending  the  existing  flood  barrier.  Raising  of  the  barrier 
to  provide  either  a  50-  or  100-vear  level  of  protection  with  3  feet  of 
allowable  freeboard  was  initially  considered. 

However,  subsequent  field  topographic  surveys  demonstrated  that  high 
ground  elevations  are  not  available  at  either  end  of  the  existing  flood 
barrier  to  achieve  either  level  of  protection.  These  surveys  revealed 
that  the  maximum  available  tieback  elevation  at  the  north  or  downstream 
end  of  the  existing  levee  would  be  elevation  832.8  (1929  adj.),  about 
1.8  Feet  above  the  average  top  elevation  of  the  existing  levee,  but  only 
1.1  feet  above  the  100-year  flood  level  and  3.4  feet  above  the  50-year 
flood  level.  Similarly,  the  maximum  available  tieback  elevation  at  the 
upstream  end  of  the  existing  floodwall  is  832.5,  about  0.3  foot  above  the 
100-year  water  surface  elevation  and  2.6  feet  above  the  50-year  flood 
level.  Thus,  neither  level  of  protection  with  3  feet  of  freeboard  can  be 
attained;  the  maximum  practical  level  of  protection  is  approximately 
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47  years  (2.15  percent)  with  3  feet  of  freeboard.  Current  Corps  standards 
regarding  the  minimum  level  of  protection  for  structural 

measures  in  urban  areas  preclude  Federal  participation  at  less  than  a  100- 
year  level  of  protection.  Therefore,  permanently  raising  the  Lincoln  Park 
flood  barrier  to  its  maximum  47-year  level  of  protection  could  not  be  done 
with  Corps  assistance.  Prior  Corps  approval  for  a  locally-sponsored  barrier 
raise  would  be  needed  to  ensure  that  the  integrity  of  the  Federal  project 
would  not  be  compromised  by  the  raise.  For  instance,  the  potential  aggra¬ 
vation  of  unstable  foundation  conditions  would  have  to  be  thoroughly  investi¬ 
gated  . 

Flood  barrier  extensions  of  640  and  300  feet  would  be  required  at  the 
upstream  and  downstream  ends,  respectively,  to  achieve  the  47-year  level  of 
protection  based  on  the  controlling  tieback  elevations.  Average  heights  of 
these  barriers  would  be  about  1.0  and  4.0  feet,  respectively.  Provision  of 
these  extensions  would  require  removal  of  2  homes  and  landscape  modifications 
at  10  other  residences.  Only  minor  additional  collector  works  would  be  re¬ 
quired  to  control  interior  runoff  f  rom  the  additional  protected  area.  Total 
estimated  first  costs  for  raising  the  existing  flood  barrier  to  the  maximum 
practical  (47-year)  level  together  with  the  considered  levee  and  floodwall 
extensions  as  shown  on  figure  4  would  be  $387,000, 

Reach  5  -  Flood  Barrier  Mo di f i cat ions 


The  stage  2  studies  considered  a  system  of  flood  barriers  consisting  of 
levees,  floodwalls,  and  closure  structures  between  U.S.  Highway  2  on  the 
south  end  and  Mill  Road  on  the  north  end.  The  100-year  system  provided  for 
a  2,260-foot  floodwall  (8)"^  with  an  average  height  of  11.6  feet  extending 
northward  from  the  U.S.  Highway  2  embankment  along  the  existing  emergency 
flood  barrier  alignment,  a  520-foot  levee  (9)  along  the  existing  levee  align¬ 
ment  between  Riverside  Drive  and  Lewis  Boulevard,  a  1,250-foot  levee  (10) 
along  the  existing  levee  alignment  between  Lewis  Boulevard  and  North  2nd 
Street,  an  800-foot  levee  (11)  with  an  average  height  of  8  feet  extending 
northwesterly  across  the  park  between  North  2nd  Street  and  North  3rd  Street, 
a  600-foot  levee  (12)  from  North  3rd  Street  at  the  west  edge  of  the  park 

^See  figure  5  for  location  of  flood  barriers. 
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extending  westerly  along  high  ground,  thence  a  400-foot  floodwall  (13) 
extending  southward  to  Alpha  Avenue,  an  800-foot  raise  of  Alpha  Avenue 
(14),  and  a  1,400-foot  floodwall  (15)  with  an  average  height  of  5  feet 
between  Alpha  Avenue  and  North  20th  Street  as  shown  on  figure  5. 

Related  measures  considered  in  the  stage  2  studies  included  the 
conversion  of  300  feet  of  local  street  between  U.S.  2  and  Seward  Avenue 
to  flood  barrier  right-of-way  (16)  and  the  relocation  of  200  feet  of 
Riverside  Drive  north  of  Seward  Avenue.  Four  closure  structures  were 
considered  at  three  locations.  Ten  homes,  nine  between  U.S.  Highway  2 
and  Riverside  Drive  (along  flood  barrier  segment  8)  would  be  relocated. 
Proposed  interior  drainage  measures  included  a  48,400-gpm  pumping  station 
and  attendant  collection  works.  Total  first  costs  for  these  improve¬ 
ments  at  August  1979  price  levels  are  estimated  at  $6,109,000. 

During  the  April  1979  flood,  it  quickly  became  evident  that  the 
existing  emergency  timber  floodwall  near  Seward  Avenue  was  unstable  and 
permitting  excessive  leakage  through  and  under  the  barrier.  To  preclude 
extensive  damages  resulting  from  a  sudden  failure,  the  city  decided  to 
construct  a  second  barrier  landward  along  Riverside  Drive.  This  action 
ultimately  prevented  serious  flooding  in  the  Riverside  Park  neighborhood 
after  a  sewer  break  flooded  the  area  outside  the  backup  barrier,  but 
unfortunately  flooded  four  residences  between  the  backup  barrier  and  the 
emergency  floodwall. 

Because  local  consideration  was  being  given  to  the  acquisition  of 
these  four  residences,  it  was  considered  advisable  in  these  stage  3 
studies  to  reinvestigate  the  feasibility  of  Reach  5  measures  using  levees 
or  a  combined  levee-f loodwal 1  in  lieu  of  the  2,260-foot  floodwall  con¬ 
sidered  in  stage  2.  Two  alternatives  to  the  2,260-foot  floodwall  were 
considered : 

1.  A  1,570-foot  levee  from  the  U.S.  Highway  2  embankment  northward 
to  about  Conklin  Avenue  and  a  1,060-foot  floodwall  from  Conklin  Avenue  north¬ 
ward  along  Riverside  Drive  as  shown  on  figure  5  as  Alternative  A.  This 
barrier  would  require  the  relocation  of  six  homes  including  the  four  homes 
flooded  in  April  1979. 
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2.  A  levee  in  lieu  ot  the  2,260-loot  floodwall  with  the  removal  of  22 
homes  or  all  homes  riverward  of  Riverside  Drive  (see  Alternative  B  on  figure 

5)  . 

The  removal  of  homes  for  both  alternatives  is  dictated  by  the  necessity 
to  relocate  the  flood  barriers  landward  of  the  unstable  riverbank  along  this 
reach . 


Reach  5  interior  drainage  needs  were  reanalyzed.  A  24,800-gpm  pumping 
station  would  be  required  with  a  100-vear  level  of  protection  in  1 ieu  o f  the 
48,400-gpm  pumping  station  considered  in  stage  2.  This  reduction  in  capacity 
together  with  resizing  of  required  collector  facilities  would  result  in  re¬ 
duced  Reach  5  interior  drainage  costs  ol  about  $976,000  from  the  updated 
stage  2  cost  estimate. 

Both  barrier  modifications  would  significantly  reduce  total  stage  2  plan 
first  costs.  A  combined  floodwall  and  levee  in  lieu  of  the  2,260-foot  flood- 
wall  would  reduce  total  Reach  4  first  costs  by  about  $2,466,000  for  a  100- 
vear  level  of  protection.  A  levee,  together  with  the  acquisition  and  removal 
of  22  homes,  would  reduce  the  total  updated  stage  2  100-vear  first  costs  by 
about  $  1  ,642 ,000 . 

R e a c h_  6_  E  n_g  l_i  s h_  Couf  ee  Closure 

Recurrent  flooding  and  related  damages  occur  along  English  Coulee  (see 
figure  3)  from  two  sources.  The  principal  flood  problem  is  caused  by  back¬ 
water  from  the  Red  River.  At  the  100-vear  flood  level  of  829.0,  Red  River 
floodwaters  will  back  up  approximately  5.5  miles  along  the  coulee  or  to  the 
vicinity  of  DeMers  Avenue.  Spring  flood  problems  associated  with  this  back¬ 
water  may  be  aggravated  by  snowmelt  and  rainfall  runoff  from  the  English 
Coulee  drainage  basin.  This  situation  occurred  during  the  April  1979  flood. 
Severe  flood  problems  along  the  coulee  may  also  be  caused  by  heavy  summer 
thunderstorms  and  related  rapid  runoff  through  the  coulee.  However,  summer 
floods  do  not  occur  as  frequently  as  floods  caused  by  backup  of  Rod  River 
f loodwaters . 
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Flood  damages  along  the  coulee  occur  mostly  to  residential  develop¬ 
ment  with  minor  damages  to  commercial,  industrial,  and  public  develop¬ 
ment.  Much  of  the  residential  damage  is  attributable  to  older  develop¬ 
ment  with  walkout  basements  at  about  the  25-year  flood  level  and  other 
structures  in  the  100-year  floodplain.  Most  of  the  recent  development 
is  constructed  with  first  floors  above  the  accepted  100-year  flood  level. 
Much  of  the  flood-prone  commercial  development,  located  for  the  most 
part  north  of  U.S.  Highway  2,  is  also  in  the  25-  to  100-year  flood  level. 
Public  developments,  principally  structures  at  the  University  of  North 
Dakota  and  located  close  to  the  coulee,  are  affected  by  floodwaters  enter¬ 
ing  low-lying  walkout  levels  and  utility  tunnels. 

Planning  efforts  by  the  city  of  Grand  Forks,  other  local  agencies, 
the  North  Dakota  State  Water  Commission,  and  the  U.S.  Soil  Conservation 
Service  to  reduce  flood  damages  along  the  coulee  have  continued  for 
several  years.  Completed  work  includes  a  channel  to  divert  a  portion  of 
coulee  flood  flows  around  the  northwest  part  of  Grand  Forks.  However, 
the  structure  required  to  divert  the  flood  flows  from  the  coulee  has  not 
been  built.  Further,  the  capacity  of  the  channel  is  limited  by  inade¬ 
quate  culvert  capacity  at  the  U.S.  Highway  2  crossing  west  of  Grand  Forks. 
With  adequate  culvert  capacity  and  the  diversion  structure  in  place,  the 
diversion  works  would  divert  600  cfs  (cubic  feet  per  second)  or  26  percent 
of  the  100-year  2,300-cfs  flood  flow  away  from  the  urbanized  reaches  of 
the  coulee. 

Recent  planning  efforts  by  local  agencies  and  the  Soil  Conservation 
Service  have  identified  additional  possible  flood  damage  reduction  measures 
which  are  presently  being  studied.  These  measures  include  a  dry  dam  to 
control  runoff  from  57  square  miles  of  the  106-square-mile  drainage  area 
(as  measured  at  Mill  Road)  and  the  additional  diversion  of  coulee  flows 
from  Legal  Drain  9  northward  to  the  existing  diversion  channel  as  shown 
on  the  inset  map  on  figure  3.  With  the  proposed  diversion  structure  and 
dam  in  place,  an  uncontrolled  downstream  drainage  area  of  36.8  square  miles 
between  the  point  of  diversion  and  the  considered  closure  site  would  remain. 
With  the  considered  additional  downstream  diversion  from  Legal  Drain  9, 
this  drainage  area  would  be  reduced  to  about  28.6  square  miles. 
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The  formulation  of  this  alternative  is  based  on  two  alternate  assump¬ 
tions:  (1)  the  considered  dam  and  two  diversion  measures  would  be  in  place 
and  (2)  only  the  considered  dam  and  proposed  upstream  diversion  structure 
would  be  completed  prior  to  any  closure  measures.  Inclusion  of  the  dam  in 
both  alternatives  is  considered  essential  because  pumping  requirements  for 
uncontrolled  peak  100-year  flows  from  the  entire  English  Coulee  drainage 
area  would  be  prohibitively  expensive.  The  second  assumption  appears  to 
be  the  most  probable  near-term  course  of  action  if  the  dam  is  technically 
and  economically  feasible. 

Assuming  that  the  Soil  Conservation  Service  dam  and  upstream  diver¬ 
sion  works  were  in  place,  the  peak  100-  and  50-year  flood  flows  would  be 
1,970  and  1,620  cfs,  respectively,  at  the  closure  structure  site  during  a 
summer  flood.  For  a  combined  spring  snowmelt  and  rainfall  runoff  occurring 
over  a  longer  period,  these  flows  would  be  approximately  1,560  and  1,290  cfs, 
respectively.  With  the  additional  Legal  Drain  9  diversion  in  place,  the 
peak  spring  and  summer  100-year  flood  flows  through  the  urbanized  area  would 
be  about  1,310  and  1,650  cfs,  respectively,  and  1,070  and  1,350  cfs,  re¬ 
spectively,  for  the  50-year  flood.  With  only  the  existing  diversion  channel 
in  place  providing  a  peak  100-year  diversion  of  600  cfs,  the  peak  100-yenr 
flood  flows  for  the  spring  and  summer  flood  occurrences  would  be  approx¬ 
imately  1,760  and  2,370,  respectively. 

Even  with  the  dry  dam  and  diversion  in  place,  additional  measures 
would  be  required  to  reduce  flood  damages  along  the  urbanized  reach  of  the 
coulee.  These  additional  measures  would  include  an  operable  closure 
structure  across  the  coulee  to  prevent  backup  of  Red  River  floodwaters 
and  an  interior  drainage  pumping  station  at  the  closure  site  to  pass  coulee 
flows  in  excess  of  ponding  capacity  during  Red  River  flood  stages.  Also 
included  would  be  the  designation  of  the  lower  coulee  reach  from  Sixth 
Avenue  North  to  the  closure  site  as  a  temporary  floodwater  storage  area. 

The  maximum  ponding  elevation  would  be  824.0  which  would  be  about  1  foot 
below  the  lowest  structure  elevation. 


The  closure  structure  gates  would  be  sized  to  pass  a  spring  or  summer 
flood  flow  from  either  the  28.6-  or  36.8-square-mile  drainage  areas  with¬ 
out  exceeding  the  maximum  allowable  ponding  elevation  provided  that  the 
dam  was  operational  and  that  no  coincidental  high  stages  occurred  on  the 
Red  River.  A  506,000-gpm  pumping  station  would  be  required  to  pass  these 
same  flows  during  main  stem  flooding. 

The  closure  structure  would  be  immediately  downstream  of  Mill  Road 
as  shown  on  figure  3.  The  structure  would  be  2,000  feet  long  excluding 
1,300  lineal  feet  of  road  raise  (average  height  =  1.5  feet),  have  a  top 
elevation  of  831.5,^  and  include  two  6-foot  by  6-foot  by  80-foot  long 
gated  culverts.  A  typical  section  through  the  structure  is  also  shown 
on  figure  3.  The  pumping  station  on  the  upstream  control  structure  em¬ 
bankment  would  have  506,000-gpm  capacity  to  pass  excess  100-year  flows 
from  a  spring  flood  from  the  28.6-square-mile  drainage  area.  The  maximum 
ponding  level  along  the  coulee  between  the  structure  and  Sixth  Avenue 
North  would  be  elevation  824.0  to  preclude  flood  damages  to  walk-out 
level  basements  along  the  reach.  Also  included  would  be  the  flap  gating 
of  two  42-inch  storm  sewers  entering  the  coulee  storage  area.  Total  first 
costs  for  a  100-year  level  of  protection  (excluding  costs  for  the  dam 
and  diversion  works)  are  estimated  at  about  $1,351,000. 

Gjand_  Mara  is_  Cou_le  e_  Divers  ion 

Grand  Marais  Coulee  begins  near  the  Red  Lake  River  at  Fisher, 
Minnesota,  and  extends  northwesterly  23  valley  miles  to  its  intersection 
with  the  Red  River  10  miles  downstream  of  the  Grand  Forks-East  Grand 
Forks  area  as  shown  on  figure  6.  The  coulee,  with  a  total  drainage  area 
of  275  square  miles,  has  a  meandering  drainage  course  with  a  total  channel 
length  of  42.4  miles.  Typical  channel  width  and  depth  upstream  of  road 
crossings  are  about  220  and  6  feet,  respectively.  The  average  channel 
width  is  roughly  150  feet.  The  channel  is  crossed  by  28  bridges  and  cul¬ 
verts.  Numerous  drainage  ditches  enter  the  coulee. 

Providing  2.5  feet  of  freeboard  above  the  100-year  design  flood  level. 
Lack  of  sufficiently  high  ground  within  practical  reach  of  the  closure  lo¬ 
cation  prevents  3  feet  of  freeboard. 
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-YEAR  WA 


IEL  IMPROVEMENTS 


Land  use  along  the  coulee  Is  entirely  agricultural  and  is  separated 
from  the  coulee  by  narrow  intermittent  strips  of  riverine  woodlands,  wet¬ 
lands,  and/or  pasture.  Numerous  small  slack-water  pools  are  located  along 
the  coulee  downstream  of  the  U.S.  Highway  2  crossing.  Flows  vary  from 
little  or  no  flow  during  the  late  summer  to  winter  months  to  an  estimated 
3,540  cfs  during  a  100-year  flood  at  the  U.S.  Highway  220  bridge  crossing 
north  of  East  Grand  Forks. 

The  coulee  supports  a  variety  of  small  mammals,  amphibians,  and  water- 
fowl.  Beaver  are  present  along  the  lower  reaches.  Several  species  of 
ducks  use  the  pool  areas  for  nesting  and  resting.  Small  fish,  presumably 
rough  fish,  were  recently  (August  1979)  observed  in  some  of  the  pools. 

Under  nonflood  conditions,  the  coulee  drains  a  275-square-mile  drain¬ 
age  area.  However,  high  flows  on  the  Red  Lake  River  overflow  and  enter 
the  coulee  at  a  point  about  4  miles  downstream  of  Fisher.  Recent  field 
surveys  indicate  that  these  overflows  begin  at  a  river  stage  of  about 
830.5  which  roughly  corresponds  to  a  13,000-cfs  discharge  (5-vear  fre¬ 
quency  flow)  on  the  Red  Lake  River. 

The  considered  plan  of  improvement  would  provide  for  diversion  of 
a  maximum  of  50  percent  of  the  peak  design  Red  Lake  River  flood  flow  in 
excess  of  13,000  cfs  or  about  10,500  cfs,^  for  the  100-year  design  con¬ 
dition.  To  accomplish  this  diversion,  a  fixed  crest  spillway  approximately 
600  feet  long  would  be  provided  at  the  existing  overflow  point  as  shown  on 
figure  6. 

Knowing  that  Red  Lake  River  overflows  do  at  times  enter  the  coulee, 
local  interests  have  suggested  using  the  coulee,  unimproved  or  improved, 
to  pass  a  designated  portion  of  Red  Lake  River  overflows,  which  in  turn 
would  reduce  flood  stages  and  related  damages  in  the  Grand  Forks-East 
Grand  Forks  areas.  Computerized  hydraulic  studies  made  in  support  of  these 
studies  indicate  an  existing  bankfull  channel  or  zero  damage  capacity  of 
about  2,950  cfs.  The  channel  capacity  is  severely  restricted  by  the 
numerous  small  bridge  and  culvert  openings  and  scattered  areas  of  trees, 
shrubs,  and  cattails  in  the  channel.  Preliminary  studies  indicate  that 
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(34,000  cfs  -  13,000  cfs)/2. 


an  improved  channel  with  a  150-foot  bottom  width  and  with  all  bridges  sized 
to  the  channel  cross  section  and  areas  of  heavy  shrubs  and  trees  removed 
would  have  a  bank-lull  capacity  of  about  7,500  cfs. 


Peak  flood  flows  greater  than  7,500  cfs  would  exceed  bank-full  capac¬ 
ity  with  resultant  inundation  and  damages  to  several  adjacent  farmsteads. 
Thus,  the  provision  of  additional  overflows  from  the  Red  Lake  River  without 
substantial  channel  widening  and  bridge  modifications  would  greatly  aggra¬ 
vate  the  local  flood  situation  along  the  coulee. 

To  pass  a  maximum  100-year  diversion  of  10,500  cfs  plus  the  100-vear 
flow  from  the  coulee  drainage  area  itself  would  require  an  improved  channel 
with  a  200-foot  bottom  width  together  with  numerous  cutoffs  as  shown  on 
figure  6.  Also  required  would  be  the  replacement  of  12  highway  bridges 
and  1  railroad  bridge.  Total  first  costs  for  this  plan  are  estimated  at 
$36,314,000. 

IMPACT  ASSESSMENT 

The  following  paragraphs  discuss  the  principal  economic,  environ¬ 
mental,  and  social  well-being  impacts  of  the  considered  alternatives, 
fables  summarizing  pertinent  economic  data  for  each  alternative  are  in¬ 
i'  1 uded . 

REACH  1  -  COMBI  NED  FLOOD  PROOFINC  AND  EVACUATION 

The  considered  100-vear  flood  proofing  and  evacuation  measures 
would  cost  nearly  $2.6  million  (table  1)  to  protect  about  200  structures. 
Present  cost-shar Lng  arrangements  result  in  total  Federal  and  non-Federal 
first  costs  of  about  $2,077,000  and  $519,000,  respectively,  with  80- 
percent  Federal  cost  snaring  as  shown  on  table  2.  These  measures  would 
reduce  average  annual  damages  by  about  $45,000.  Total  average  annual 
benefits  including  an  allowance  for  reduction  of  future  flood  damages 
to  residential  contents  would  be  about  $58,000  (see  Attachment  A  for  de¬ 
tails  of  the  benefit  analyses).  A  comparison  of  these  benefits  with 
related  average  annual  costs  of  $182,900  yields  an  unfavorable  benefit- 
cost  ratio  of  0.3  (table  3). 


Table  1  -  Reach  1  -  flood 

proofing  and  evacuation  first 

costs 

Costs  for 

different  levels  of  protection 

Item 

4%(25-year) 

2% (50-year) 

l%(100-year) 

Localized  flood  barriers^ 

$4,000 

$1 27,000 

$1,401,000 

Structure  relocations 

0 

0 

21 ,000 

Structure  raises 

0 

0 

0 

Flood  proofing  commercial  bldgs  0 

0 

1 ,000 

Flood  proofing  public  bldgs. 

0 

0 

0 

Flood  proofing,  residences 

13,000 

43,000 

103,000 

Structure  purchases 

0 

205,000 

729,000 

Lands  and  rights-of-way 

0 

0 

2,000 

_  .2 

Total  construction 

17,000 

375,000 

2,257,000 

Engineering,  design,  super-^ 


vision,  and 

...  .  i 

administration 

3j000 

56^000 

339,000 

Total  first 

costs 

20,000 

431,000 

2,596,000 

2  Includes  individual  barriers  around  basement  walkouts. 
2  Includes  25%  for  contingencies. 

15%  of  total  construction  cost. 


Tab le  2  -  Reach  1  -  flood  p_roof_ijTg_ and_  evacuation  cost  sharing _ 

Costs  for  different  levels  of  protection 
Item _ 4%  (25-year)  2%( 50-^ear) _ 1%(  100 -year) 


Present  cost-sharing  policy: 


Federal  (80%  of  first  costs) 
State  (None) 

Local  (20%  of  first  costs) 

$16,000 

0 

4,000 

$345,000 

0 

86,000 

$2,077,000 

0 

519,000 

Total  first  costs 

20,000 

431,000 

2,596,000 

President's  proposed  policy: 
Federal  (75%  of  first  costs) 
State  (5%  of  first  costs) 
Local  (20%  of  first  costs) 

15,000 

1,000 

4,000 

323,000 

22,000 

86,000 

1,947,000 

130,000 

519,000 

Total  first  costs 

20,000 

431 ,000 

2,596,000 

Table  3  -  Roach  1  -  flood  Pjroo_t_ing  and  evacuation  bene  I  i  t  -cost  anaj  ysys 


Benef i t - 
1  eve 

■cost  data  for  diff 
■Is  of  protection 

or  out 

I  tern 

4%(25-vear) 

2%( 50-year)  1 

7,  (  1 00 -year 

Federal  annual  costs*  ^ 

Non-Federal  annual  costs 

$1,1 00 

$21,700 

$143,000 

600 

8,100 

39,900 

Total  annual  costs 

1  ,700 

31  ,800 

182 ,900 

Total  average  annual  benefits 

12,000 

31 ,000 

58,000 

Benefit -cost  ratio 

7.1 

0.97 

0.3 

Net  average  annual  benefits 
(nearest  $1,000) 

10,000 

-1,000 

-125,000 

On  the  basis  of  the  present  cost-sharing  policy,  6  7/8-percent  interest 
rate,  and  a  100-year  economic  life.  Non-Fedora  1  costs  include  allowance 
for  annual  operation  and  maintenance. 


Protection  of  74  struetuies  from  the  50-year  flood  is  nearly  econom¬ 
ically  justified  (wit!*  bone ‘‘it  -cost  ratio  of  0.97).  At  the  25-year 

level  of  protection,  th  benefit-cost  ratio  is  greater  than  7;  however, 
the  number  of  home,  mat  ould  be  protected  is  only  19. 

The  considered  rr  -  .sures  would  have  only  minor  long-term  adverse 
environmental  impacts  in  the  immediate  vicinity  of  the  considered  t lood 
barriers  because  the  required  construction  areas  are  presently  developed 
lawns  or  paved  areas  generally  devoid  of  natural  cover.  The  measures 
would  provide  a  beneficial  long-term  social  well-being  impact  through 
reduced  average  annual  flood  damages.  Depending  on  the  level  of  protec¬ 
tion,  the  permanent  removal  of  several  homes  from  the  floodplain  (12 
with  the  100-year  plan)  could  constitute  a  moderate  short-term  adverse 
impact.  A  relatively  minor  long-term  adverse  social  impact  would  result 
from  obstruction  of  riverfront  views  from  walkout  levels  along  Terrace 
Drive  and  the  Red  River. 


i* 

v* 


26 


REACH  1  -  BELMONT  COULEE  CLOSURE 


The  considered  closure  works  would  prevent  backup  of  Red  River  flood- 
waters  into  the  coulee  west  of  Belmont  Road.  Approximately  55  residen¬ 
tial  structures  would  be  protected  against  a  100-year  flood  level.  The 
considered  measures  would  result  in  relatively  minor  landscape  changes 
because  the  control  structure  and  pumping  works  would  be  largely  incor¬ 
porated  within  an  existing  road  embankment  that  would  be  raised  a  maximum 
of  6.3  feet.  The  considered  measures  would  result  in  total  first  costs 
of  $692,000,  all  of  which  would  be  Federal  costs  according  to  the  present 
cost-sharing  policy  (table  4).  Average  annual  costs  (including  allowance 
for  annual  operation,  maintenance,  and  periodic  equipment  replacement) 
are  estimated  at  $50,000  (table  5).  Corresponding  average  annual  bene¬ 
fits  are  estimated  at  $25,000,  yielding  a  benefit-cost  ratio  of  0.5. 

REACH  1  -  BELMONT  ROAD  RAISE 

The  considered  road  raise  would  prevent  Red  River  flood  overflows 
(50-year  maximum  practical  level  with  1  foot  of  freeboard)  into  a  single¬ 
family  residential  area.  About  50  homes  would  be  protected.  The  proposed 
road  raise  would  require  the  relocation  of  the  existing  sanitary  sewer 
lift  station  at  15th  Avenue  South.  It  would  also  result  in  the  need  for 
raising  13  driveway  approaches  and  the  15th  Avenue  South  intersection. 
Total  first  costs  are  presently  estimated  at  $284,000  (table  6).  Related 
average  annual  costs  are  estimated  at  $19,800  (table  7).  Corresponding 
average  annual  benefits  are  estimated  at  $10,000,  yielding  a  benefit- 
cost  ratio  of  0.5. 

REACH  2  -  FLOOD  BARRIER  RAISE 

The  considered  raise  and  extension  of  the  existing  flood  barrier 
would  cost  an  estimated  $387,000  (table  8).  Because  the  47-year  maximum 
practical  level  of  protection  does  not  meet  the  Corps'  current  minimum 
standards  for  permanent  urban  structural  measures.  Federal  participation 
in  this  project  cannot  be  recommended.  Therefore,  the  entire  cost  would 
be  the  responsibility  of  local  interests. 
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Table  4  -  Reach  1  -  Belmont  Con  I  closure  cost  sharing 


Item 

Costs  for  100-vear  level  of  protection 

Present  cost-sharing  policy: 

Federa l 

$692,000 

State*  (none) 

0 

Loca  1  *■ 

0 

Total  first  costs 

692,000 

President's  proposed  policy: 

Federal  (75%  of  first  costs) 

519,000 

State  (5%  of  first  costs) 

35.000 

Local  (20%  of  first  costs) 

138,000 

Total  first  costs 

692,000 

Given  level  of  protection  of  North  Dakota  State  Water  Commission's 
0  closure  structure  plan. 

Covers  lands,  easements,  rights-of-wav,  and  relocations. 


Table  5  -  Roach  1  -  Belmont  Coulee  closure  benefit-cost  analysis 


Item 

Benefit-cost  data  for  100-year 
level  of  protection 

Federal  annual  costs^  j 

Non-Federal  annual  costs 

$47,600 

2,400 

Total  annual  costs 

50,000 

Total  average  annual  benefits 

25,000 

Benefit-cost  ratio 

0.5 

Net  average  annual  benefits  (nearest 
$1,000) 

-25,000 

On  the  basis  of  present  cost-sharing  policy,  6  7/8-percent  interest 
rate,  and  a  100-year  economic  Life.  Non-Federal  costs  include  allowance 
for  annual  operation  and  maintenance. 


level 


Table  6  -  Reach  1 


Item 


Present  cost-sharing  policy: 

Federal 
S tate,^  (none) 

Local 

Total  first  costs 

President's  proposed  policy: 

Federal  (75%  of  first  costs) 
State  (5%  of  first  costs) 
Local  (20%  of  first  costs) 

Total  first  costs 


-  BeJmon_t_  Road  ra_ise_ 

Costs  for  50-yea^ 
_ o f _ p rot  e ct ion 


$259,000 

0 

__2_5_,000 

284,000 


213,000 
14,000 
__  57  ,000 

284,000 


Maximum  practical  level  of  protection  (with  1  foot  of  freeboard).  Current 
policy  precludes  Corps  participation  in  a  permanent  urban  structural  flood 
control  project  with  this  degree  of  protection.  The  table  presents  the 
^cost-sharing  arrangement  that  would  apply  if  this  policy  were  relaxed. 
Covers  lands,  easements,  rights-of-wav,  and  relocations. 


Table  7  -  Reach  1  j-_  jle  1  mojvt_ _Ro ad  raise  benefit-cost  analysis 

Benefit-cost  data  for  50-vear  level 
Item _ _ _ _ of  protection 


Federal  annual  costs^  ^ 

Non-Federal  annual  costs 

$17,800 

2,000 

Total  annual  costs 

19,800 

Total  average  annual  benefits 

10,000 

Benefit-cost  ratio 

0.5 

Net  average  annual  benefits 
(nearest  $1,000) 

-10,000 

On  the  basis  of  present  cost-sharing  policy,  6  7/8-percent  interest  rate, 
and  a  100-year  economic  life.  Non-Federal  costs  include  allowance  for 
annual  operation  and  maintenance.  Current  policy  precludes  Corps  partici¬ 
pation  in  a  permanent  urban  structural  flood  control  project  with  this 
degree  of  protection.  The  table  presents  the  cost-sharing  arrangement 
that  would  apply  if  this  policy  were  relaxed. 


29 


Table  8  -  Reach  2  -  Lincoln  Park  flood  barrier  raise  first  costs 


I  tem 

Cost?,  for  47-year  j  level 
of  protection 

Levee  raise  and  extension 

Floodwall  extension 

House  purchases- 
Lands  and  rights-of-way 

$77,000 

1 53,000 

100,000 

3,000 

> 

Total  construction' 

337,000 

Engineering  ,  design , -superv is  ion , 
and  administration 

50,000 

Total  first  costs 

387,000 

Maximum  practical  level  o‘  protection  d  '  •  to  lack  o:  nigh  ground  to 
tie  back  into. 

^  Includes  2  37  for  contingencies. 

1 5'!  of  total  construction  costs. 


The  Corps  could  participate  in  a  temporary  barrier  raise  during  a  flood 
emergency.  Further  information  regarding  flood  emergency  operations  is  pro¬ 
vided  in  the  Flood  Jlmejr^encv^JM  an  for  Grand  Forks_,  North  Dakota ,  published 
as  a  separate  document  developed  in  conjunction  vith  the  urban  study. 

Permanently  raising  the  Lincoln  Park  flood  barrier  i rom  a  30-  to  30- 
year  level  of  protection  would  benefit  over  700  homes  hehind  the  existing 
barrier  plus  several  more  homes  currently  outside  the  protected  area.  Two 
homes  would  require  relocation;  10  additional  homes  would  require  extensive 
landscape  measures.  Eight  homes  would  remain  between  the  floodwall  exten¬ 
sion  and  the  river.  Very  minor  short-term  environmental  impacts  are  antici¬ 

pated  because  required  construction  areas  are  presently  grassed  lawns  which, 
would  be  regraded  and  seeded  when  the  project  is  completed. 
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REACH  5  -  FLOOD  BARRIER  MODIFICATIONS 


Modification  of  the  stage  2  plan  by  replacing  the  2,260-foot  flood- 
wall  with  either  a  levee  or  a  levee  and  floodwall  would  significantly  re¬ 
duce  total  first  costs.  The  reanalysis  of  interior  drainage  needs  results 
in  a  further  reduction  in  total  first  costs.  Total  first  costs  for  a  100- 
vear  level  of  protection  using  a  1 , 060-foot  floodwall  and  a  1,570-foot 
levee  in  lieu  of  the  2,260-foot  floodwall  plus  revised  interior  drainage 
measures  would  be  $3,643,000  at  August  1979  price  levels.  A  2,630-foot 
levee  would  result  in  total  first  costs  of  $4,467,000.  Table  9  compares 
first  costs  for  both  the  100-  and  50-year  levels  of  protection  with  and 
without  the  considered  flood  barrier  modifications. 

Federal  and  non-Federal  first  costs  with  the  100-year  levee-flood- 
wall  combination  would  be  $2,946,000  and  $697,000,  respectively,  under 
the  present  cost-sharing  policy.  Substitution  of  the  2,630-foot  levee 
would  reduce  Federal  first  costs  to  $2,427,000  and  increase  non-Federal 
first  costs  to  $2,040,000.  A  comparison  of  Federal  and  non-Federal 
first  costs  for  alternative  Reach  5  improvements  with  the  President's 
proposed  cost-sharing  policy  is  also  given  in  table  9. 

Average  annual  charges  for  these  alternatives  would  be  $269,800  and 
$327,500,  respectively,  at  a  6  7/8-percent  interest  rate  and  100-year 
economic  life.  Corresponding  average  annual  benefits,  including  bene¬ 
fits  attributable  to  the  reduction  of  future  flood  damage  growth  to 
residential  contents,  are  estimated  at  $88,000,  yielding  an  unfavorable 
benefit-cost  ratio  of  0.3  for  a  100-year  level  of  protection  (table  10). 

The  levee-f loodwa 1 1  alternative  would  have  fewer  negative  social 
impacts  than  the  stage  2  plan  because  only  six  houses  would  be  relocated 
instead  of  nine.  Conversely,  22  homes  would  have  to  be  relocated  if  a 
levee  alone  was  used  instead  of  the  levee-f loodwall .  Permanent  closure 

of  Lewis  Boulevard  immediately  north  of  U.S.  Highway  2  would  h.^ve  long¬ 
term  adverse  impacts.  An  alternative  closure  with  removable  stop  logs 
would  reduce  this  impact,  but  at  increased  first  costs  of  about  $90,000. 
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Table  9 


1 1  ora 


Roac  Flood_  bar  r  iejr  mod  i  l  ir.it  ions  -ost  .sharing 

Costs  for  different  levels  of  protection 
Update  stage  2 

_  pi  an_  costs  _  _ Plan  A  Plan  B" 

_  50-yr^ _  100-vr  _  50-yr^  1  DO— yr  50-yr^__  100-vr 


Present  cost -sharing 
po  I  it' v  : 


Fedora  1 
St  age, (none) 
Loo a  1  4 

Total  first  costs 


$3,928,000  $5,033,000  $1,914,000  $2,946,000  $1,573,000  $2,427,000 

0  0  0  0  0  0 

J_, 0_57_, 000  __lJ076jppo  618^000  69  7^000  2^024^000  2_, 040^000 

4,985,000  6,109,000  2,595,000  3,643,000  3,597,000  4,467,000 


President's  proposed 

po 1  icy : 

Federal  (7571  of 
first  costs) 

State  (571  of  first 
costs) 

Local  (207:  of  first 
costs) 


Total  first  costs 


1 ,946,000 
1 30,000 

_ 51 9,000 

2,595,000 


2,732,000 

182,000 

729,000 


2,698,000 

180,000 

719,000 


3,350,000 
223,000 
894 ,000 


3,643,000  3,594,000  4,467,000 


Stage  2  plan  revised  by  substituting  a  levee/f loodwal 1  in  lieu  of  2,260-foot  flood- 
,  wa 1  I . 

Stage  2  plan  revised  by  substituting  a  2,630-foot  levee  in  lieu  of  2,260-foot  flood- 
j  wa 1 1  . 

Current  policy  precludes  Corps  participation  in  a  permanent  urban  structural  flood 

control  project  with  this  degree  of  protection.  The  table  presents  the  cost-sharing 
,  arrangement  that  would  apply  if  this  policy  were  relaxed. 

Lands,  easements,  rights-of-way,  relocations. 


Table  10  -  Reach  5  -  Flood  barrier  modifications  benelit-cost  analysis 


Benef  it -cost 

data  for  dill" 

erollt  1  eVe 

Is  of  pro tec 

t  ion 

1 1  em 

Updated 
_  —PJ-Si1- 

._5_°r7J r„ 

stage  2 
data 

100-vr 

,  P 1  an 

50-7,- 

A _ 

100- vr 

Plan 

50 -v  r 

B 

"  100-vr 

9 

Federal  annual  costs" 

$270,400 

$346,500 

$131,800 

$202,800 

$108,300 

$167, 1  (10 

Non-Federal  annual 

a 

costs- 

86,300 

91  ,900 

61,100 

67,000 

153 

1  todj  '  0 

.  - 

_  -  _ 

Total  annual  costs 

356,700 

438,400 

1 92,900 

269,800 

262,100 

127 , 500 

Total  average  annual 

henef  its 

59,000 

90,000 

59,000 

88,000 

59 ,000 

88,000 

Bene f i t -cos t  ratio 

0.2 

0.2 

0.3 

0.3 

0.2 

0.3 

Net  average  annual 

benefits  (nearest 

-  298,000 

-348,000 

-134,000 

-182,000 

-203,000 

-238,000 

$1,000) 


Current  policy  precludes  Corps  participation  in  a  permanent  urban  structural  flood 
control  project  with  this  degree  of  protection.  The  table  presents  the  cost-sharing 
0  arrangement  that  would  apply  if  this  policy  were  re  1  axed . 

On  the  basis  of  the  present  cost-shar ing  policy,  6  7/8-percent  interest  rate,  and 
a  100-year  economic  life.  Non-Fedora  I  costs  include  allowance  for  annual 
operation  and  maintenance. 

3? 


i 

t 


The  modifications  to  the  stage  2  plan  would  have  relatively  minor 
additional  environmental  impacts.  The  plan  A  and  plan  B  alternatives 
would  require  a  slightly  wider  base  area  with  a  corresponding  loss  of 
a  few  large  shade  trees  behind  the  residences, 

REACH  6  -  ENGLISH  COULEE  CLOSURE 

Eloodwater  routing  studies  indicate  that,  with  the  dam  and  upstream 
diversion  structure  in  place  and  without  coincidental  high  stages  on  the 
Red  River  of  the  North,  the  closure  structure's  culverts  would  have  suf¬ 
ficient  flow  capacity  to  pass  a  100-vear  flood  flow  from  both  the  28. 6- 
and  3b .8-square-mile  drainage  areas  without  exceeding  the  maximum  allow¬ 
able  ponding  elevation.  Estimated  total  Federal  and  non-Federal  first 
costs  for  the  closure  structure  and  50b,000-gpm  pumping  station  with  the 
current  Federal  cost-sharing  policy  would  be  $1,332,000  and  $19,000, 
respectively,  for  a  100-year  level  of  protection  (table  11).  Total  annual 
costs,  including  allowances  for  operation,  maintenance,  and  scheduled 
replacement  of  major  equipment  items  are  estimated  at  $93,900  (table  12). 

At  the  100-year  level  of  protection,  the  considered  closure  and 
pumping  measures  would  reduce  total  average  annual  flood  damages  about 
54  percent,  yielding  average  annual  benefits  (including  an  allowance  for 
reduction  of  future  damage  growth  to  residential  contents)  of  about  $86,000 
and  a  benefit-cost  ratio  of  0.92.  The  current  Soil  Conservation  Service 
studies  have  not  yet  advanced  to  a  stage  where  flood  damage  reduction 
benefits  specific  to  the  dam  and  diversion  can  be  determined.  However, 
benefits  attributable  to  reduced  discharges  along  English  Coulee  are  roughly 
estimated  at  $96,000. 

The  considered  closure  would  have  only  minor  environmental  impacts 
because  the  area  is  recently  reworked  land,  devoid  of  any  trees  or  shrubs. 
Periodic  increases  in  coulee  stages  between  the  structure  and  Sixth  Avenue 
North  will  be  of  lower  maximum  elevation  and  of  lesser  duration  than  under 
existing  conditions.  The  considered  measures  would  have  immediate  and 
long-term  social  well-being  benefits  as  a  result  of  the  marked  reduction 
in  recurring  flood  damages.  No  adverse  social  impacts  are  anticipated. 
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Table  11  -  Reach_  6_j-_  Engl_ish_  Coulee  closure  cost  sharing 

Costs  for  different  levels  of  protection 
m  4%  (25-vr)1  27  ( 50-vr)1  \Z  (Yob'-v'r) 


Item  _  _  __  4 

Present  cost-sharing  policy: 


Federal  „ 

State  (none)" 

Loc  a  1 

$1 

,060,000 

0 

8,000 

$1 ,168,000 

0 

19,000 

$1 ,332,000 

0 

19,000 

Total  first  costs 

1 

,  068 , 000 

1 , 187 ,000 

1  ,351  ,000 

President's  proposed  policy: 

Federal  (75%  of  first  costs) 
State  (5%  of  first  costs) 
Local  (20%  of  first  costs) 

801 ,000 
53,000 
214,000 

890,000 

59,000 

238,000 

1 ,013,000 
68,000 
270,000 

Total  first  costs 

1 

,068,000 

1 , 187 ,000 

1 ,351 ,000 

Current  policy  precludes  Corps  participation  in  a  permanent  urban 
structural  flood  control  project  with  this  degree  of  protection. 

The  table  presents  the  cost-sharing  arrangement  that  would  apply  if 

0  this  policy  were  relaxed. 

Covers  lands,  easements,  rights-of-way,  and  relocations. 

Table  12  -  Reach  6  -  English  Coulee 

closure  benef 

it- 

■cost  analysis 

Benef it-cost 

data  for 

different  levels 

of  protection 

I  tom 

4% 

(25-yr)~r 

2%  (50-yr)l 

1%  (100-yr)1 

2 

Federal  annual  costs  2 

Non-Federal  annual  costs 

$73,000 

1,500 

$80,400 

2,200 

$91,700 

2,200 

Total  annual  costs 

74,500 

82,600 

93,900 

Total  average  annual  benefit 

s 

26,000 

49,000 

86,000 

Benefit-cost  ratio 

0.3 

0.6 

0.9 

Net  average  annual  benefits 
(nearest  $1,000) 

-49,000 

-34,000 

-8,000 

Current  poLicy  precludes  Corps  participation  in  a  permanent  urban 
structural  flood  control  project  with  this  degree  of  protection. 

The  table  presents  the  cost-sharing  arrangement  that  would  apply 
should  this  policy  be  relaxed. 

Based  on  present  cost-sharing  policy,  6  7/8-percent  annual  interest 
rate,  and  a  100-year  economic  life.  Non-Federal  costs  include 
allowance  for  annual  operation  and  maintenance. 
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REACH  6  -  COMBINED  EI.OOD  PROOF!  NO  AND  HVACl'ATION 

Total  construction  costs  for  the  considered  Reach  6  measures  are  g  iven 
by  principal  plan  element  in  table  IT.  The  considered  100-year  1 lood  proof¬ 
ing  and  evacuation  measures  would  protect  132  structures.  Under  the  pres¬ 
ent  cost-charing  policy,  total  Federal  and  non-Federal  first  costs  would  be 
$938,000  and  $239,000,  respectively  (table  14).  Corresponding  average 
annual  costs  including  an  allowance  lor  annual  operation  and  maintenance 
and  tlu'  amort  i zed  cost  of  periodic  ma  jor  equipment  replacements  would  he 
$81  ,800  (table  14)  . 

The  considered  100-year  measures  would  reduce  average  annual  flood  dam¬ 
ages  attributable  to  both  Red  River  backup  and  upstream  coulee  flooding  from 
about  $223,000  (see  attachment  A)  to  about  $98,000,  yield i ng  average  annual 
benefits  of  about  $125,000,  including  allowances  for  reduced  future  damages 
to  residential  contents,  and  a  favorable  benefit -cost  ratio  of  1.5. 

Table  15  shows  the  belief  i  t -cos  t  ratio  increases  to  about  5.6  as  t  lie 
design  protection  decreases  to  the  25-year  level;  however,  only  15  struc¬ 
tures  would  be  protected.  Furthermore,  the  optimum  economic  design  (the 
point  of  maximum  net  benefits)  occurs  near  the  50-vear  level  and  would 
involve  about  45  structures. 


Table  13  -  Reach  6  -  Flood  proofing  and  evacuation  I irsl  costs 


Cost s  for  dill 

e ren  t  1  eve  1 s 

u f  pret  ec t  i on 

I  tern 

4  7.  (25-vr) 

2'  ( 50-vr ) 

i:  (100-vr) 

localized  flood  barriers 

$  9  1  ,00(1 

$28 1  ,000 

$710,000 

Structure  relocations 

0 

22 ,000 

22,000 

Structure  raises 

1) 

1 1 ,000 

12 ,000 

Utility  relocations 

1  ,000 

2  ,000 

2,000 

Flood  proofing,  commercial  bldg: 

s  .  0 

2  )  ,000 

4  5,000 

Flood  proofing,  residences 

6,000 

14  ,000 

1 69,000 

Flood  proofing,  public  bldgs. 

0 

2  ,000 

5,000 

Lands  and  rights-of-way 

4,000 

28,000 

15,000 

2 

Total  construction 

102,000 

401,000 

1 ,020,000 

Engineering,  design,  super- 

vision,  and  administration 

15,000 

60,000 

1 53,000 

Total  first  costs 

1  17,000 

463,000 

1 , 173,000 

Includes  individual  barriers  around  basement  walkouts. 
Includes  25%  for  contingencies. 

15%  of  total  construction  costs. 
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Tab  1  e_J4_  Rea  ch_  6_  Flood  proofing  and  evacuation  cost  sharing 

Costs  for  different  levels  of  protection 
Uem  _  _  _ 4jf  ’(2V-yr)‘  '  '  27 "(  50- y  r)  "  ‘  '  \?..[  ( 100-yr) 

Present  cost-sharing  policy: 

Federal  (80%  of  first  costs)  $44,000  $870,000  $988,000 

State  (None)  0  00 

Local  (20%  of  first  costs)  28,000  98,000  288,000 

Total  first  costs  117,000  468,000  1,178,000 

President's  proposed  policy: 

Federal  (75%  of  first  costs)  88,000  847,000  880,000 

State  (5%  of  first  costs)  6,000  28,000  58,000 

Local  (20%  of  first  costs)  2_3_,000  93,000  235,000 

Total  first  costs  117,000  463,000  1,173,000 


Tab_le_  1_5  -  Reach  6  -  Flood  proof  ing_  and  evacuation  benefit-cost  analyses 

Benef i ( -cost  data  for  different  levels  of 
_  _  _  . prop ecti  on_ 

It etn _  _ _ 4%  _(_2  5 -yr)  2%  (  50-vr)  _  J  ~Z_.  (  1 00 -vr ) 

Federal  annual  costs  $6,500  $25,500  $64,600 

Non-Federal  annual  costs  _J_,900  __7_,200  17_,200 

Total  annual  costs  8,400  32,700  81,800 

Total  average  annual  benefits  47,000  83,000  125,000 

Benefit-cost  ratio  5.6  2.5  1.5 

Net  average  annual  benefits 

(nearest  ($1,000)  39,000  50,000  43,000 


On  the  basis  of  the  present  cost-sharing  policy,  6  7/8-percent  annual 
interest  rate,  and  a  100-vear  economic  life.  Non-Federal  costs  include 
allowance  for  annual  operation  and  maintenance. 


The  considered  measures  are  expected  to  result  in  only  minor  long¬ 
term  adverse  environmental  impacts  from  the  localized  measures  in  pre¬ 
viously  disturbed  areas.  All  of  the  considered  measures  would  he  located 
on  areas  that  have  been  paved  or  reworked  and  are  generally  devoid  of  orig¬ 
inal  vegetation  Significant  long-term  social  well-being  benefits  would 
result  from  reduced  flood  damages.  The  100-year  plan  would  require  the 
relocation  of  two  commercial  structures  to  nearbv  flood-tree  areas.  No 
residential  structures  would  he  relocated. 

GRAND  MARAIS  COULEE  DIVERSION 

Under  present  conditions,  the  existing  Grand  Marais  Coulee  channel 
has  essentially  no  excess  capacity  to  pass  Red  Lake  River  overflows. 

Passage  of  such  overflows  would  only  aggravate  recurring  flood  prob¬ 
lems  at  farmsteads  along  the  coulee.  However,  mod i f ica t  ions  such  as 
channel  cutoffs  and  channel  widening  would  increase  the  channel  capacity 
to  accommodate  a  portion  of  Red  Lake'  River  overflows.  These  overflows 
would  provide  a  reduction  in  peak  flood  stages  in  the  Grand  Forks  and 
East  Grand  Forks  area,  but  only  at  substantial  economic  and  environmental 
cos  t . 

The  considered  100-vear  channel  diversion  plan  would  result  in  total 
first  and  annual  costs  of  $36,314,000  and  $2,503,000,  respectively  (tables 
16,  17,  and  18).  Corresponding  average  annual  benefits  in  Grand  Forks 
and  East  Grand  Forks  resulting  from  the  1.3-foot  decrease  in  the  100-vear 
flood  stage  at  the  Grand  Forks  gage  would  be  approximately  $421,000.  A 
comparison  of  these  100-year  benefits  with  related  average  annual  costs 
of  $2,503,000  yields  an  unfavorable  benefit-cost  ratio  of  0.2. 

The  considered  channel  modifications  would  have  obvious  and  severe 
immediate  and  long-term  adverse  impacts  associated  with  the  destruction 
of  essentially  all  small  mammal  and  waterfowl  habitat  along  the  coulee. 
Channelization  of  the  coulee  along  with  regular  maintenance  would  per¬ 
manently  remove  this  natural  riverine  setting  and  aesthetically  diverse 
feature.  However,  the  modifications  would  produce  immediate  and  long-term 
beneficial  social  well-being  effects  as  a  result  of  reduced  peak  flood 
stages  in  the  urbanized  area. 
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Table  16  -  Grand  Marais  Coulee  diversion  first  easts 


Costs  for  different 

levels  of  pro tec 

Item 

2/  ( 50-yr ) 

i;:  (ioo-vr) 

Channel  excavation 

Bridge  modifications 

Diversion  structure 

Lands  and  rights-of-way 

$15,980,000 

8,885,000 

125,000 

52,000 

$20,455,000 

10,932,000 

1  25,000 
60,000 

Total  construction* 

25,042,000 

11  ,578  ,000 

Engineering,  design, 
supervision  and  administration'” 

3,756,000 

4,736,000 

Total  first  costs 

28,798,000 

36, 314,000 

9  Includes  25%  for  contingencies. 
15%  of  total  construction  cost. 


Ta  b_l  J_7_  Grand  Marais  Coulee  diversion  cost  shajjjig 


I  tern 

Costs  for  different 
2%  (50-yr)1 

levels  of  protection 
1%  (100-yr) 

Present  cost-sharing 

pol icy : 

Federa 1 

State2(nono) 

Local 

$18,521,000 

0 

10,277,000 

$24,213,000 

0 

12,101 ,000 

Total  first  costs 

28,798,000 

36,314,000 

President's  proposed 

pol icy : 

Federal  (75%  of  first  costs) 
State  (5%  of  first  costs) 
Local  (20%  of  first  costs) 

21 ,598,000 

1 ,440,000 
5,760,000 

27,235,000 

1  ,816,000 
7,263,000 

Total  first  costs 

28,798,000 

36,314,000 

Current  policy  precludes  Corps  participation  in  a  permanent  urban 
structural  flood  control  project  with  this  degree  of  protection. 
The  table  presents  the  cost-sharing  arrangement  that  would  apply 
2  should  this  policy  be  relaxed. 

Covers  lands,  easements,  rights-of-way,  and  relocations. 


Tablo_  18  -  Grand  Marais  Coulee 

I  tom 

■t 

Federal  annual  costs"  0 
Non-Fodoral  annual  costs" 

Total  annual  costs 

Total  average  annual  benefits 

Benefit-cost  ratio 


diversion  hetiel  it -cost  analysis 
Benefit-cost  data  lor  different 


levels  of  protection 


(50  vr) 

1'  (100-vr 

$1 ,27 $,000 

$  1  , 667 ,000 

714,000 

8  56,000 

1  ,980,000 

2  ,  $0 5 ,000 

144 ,000 

421  ,000 

0.2 

0.2 

Net  average  annual  benefits 

(nearest  $1,000)  -1,64$, 000  -2,082,000 


Current  policy  precludes  Corps  participation  in  a  permanent  urban 
structural  flood  control  project  with  this  degree  ot  protection. 
The  table  presents  the  cost-sharing  arrangement  that  would  apply 
should  this  policy  be  relaxed. 

Based  oil  present  cost-sharing  policy,  h  7/8-percent  interest  rate, 
and  a  100-year  economic  life.  Non- Fed era  1  costs  include  allowance 
for  annual  operation  and  maintenance. 


EVALUATION  OF  ALTERNATIVES 

Each  alternative  was  evaluated  on  the  basis  ol  satisfying  the  formula 
t ion  and  evaluation  criteria  given  earlier.  Principal  plan  impacts  and 


trndc-offs  of  beneficial  and  adverse  impacts  relating  to  those  criteria 
were  analyzed  as  discussed  in  the  following  paragraphs. 


REACH  1  -  COMBINED  FLOOD  PROOFING  AND  EVACUATION 


A  comparison  of  average  annual  costs  and  benefits  Indicates  that  tin* 
considered  measures  cannot  he  economically  justified  at  the  100-vear  level 
ot  protection.  However,  economic  feasibility  appears  achievable  near  and 
below  the  50-vear  level  of  protection.  The  principal  negative  I  actor  al- 
leeting  economic  justification  for  the  100-year  level  of  protection  is  t  lie 
high  cost  of  flood  harriers  required  to  protect  walkout  levels  along 
Terrace  Drive  and  the  01  son -Elmwood  Drive  areas  along  the  Red  River.  Limited 
space  between  the  homes  and  coulee  or  river  precludes  the  use  of  less  cost¬ 
ly  levees.  The  only  possible  but  more  costly  and  socially  unacceptable 
alternative  for  these  areas  would  be  the  removal  of  affected  residences 
with  the  evacuated  areas  reverting  to  public  greeubelt  areas. 

The  flood  proofing  and  evacuation  measures  would  generally  satisfv 
the  established  technical  criteria  with  one  exception.  Because  sufficiently 
high  ground  elevations  are  not  available,  it  would  be  clearly  impractical 
to  provide  a  3-foot  freeboard  allowance  for  the  considered  tiebaek  levees 
that  would  extend  landward  from  the  barrier  around  the  Grand  Forks  recrea¬ 
tional  building.  Similarly,  and  in  lieu  of  a  ring  levee  around  the  build¬ 
ing,  it  would  be  impractical  to  incorporate  a  standard  project  flood  level 
of  protection  within  the  limited  flood  barrier  height. 

The  considered  measures  would  also  satisfy  the  environmental  criteria 
in  minimizing  adverse  ecosystem  effects.  Social  well-being  criteria  would 
be  generally  satisfied  with  a  long-term  reduction  in  area  flood  damages 
and  other  flood-related  problems.  For  the  entire  reach,  the  considered 
measures  would  result  in  only  minor  localized  adverse  environmental  effects 
(principally  vegetative  losses)  because  the  affected  areas  are  lawns  or 
pavement.  Social  well-being  impacts  would  he  generally  beneficial  with 
minor  adverse  impacts  resulting  from  altered  local  landscapes  associated 
with  flood  proofing  barriers  in  and  around  affected  structures. 

REACH  1  -  BELMONT  COULEE  CLOSURE 

The  considered  closure  measures  are  desired  by  the  city  and  affected 
residents  but  are  economically  unustified  as  indicated  bv  the  0.5  belief  i  t - 
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cost  ratio.  Substitut  ion  of  U-mpor.irv  pump  i  ng  nu.isuris  I  or  t  in-  permanent 
works  would  result  in  a  favorable  lu-nei  it-eost  ratio;  however,  this  modi¬ 
fication  won  1  '  not  be  in  concert  with  established  Corps  design  criteria. 

The  considered  trade-oils  of  some  landscape  chanp.es  in  (lie  immediate  proj¬ 
ect  area  to  obtain  an  appreciable  measure  oi  protection  would  be  acceptable 
to  local  interests. 

REACH  I  -  BF.I.MONT  ROAD  RAISK 

The  considered  road  raise  is  teohnioallv  feasible  but  not  economically 
justified  as  indicated  by  the  0.r>  benei it -cost  ratio.  Relocation  ot  the 
existing  sanitary  lift  station  which  per  iod  ic.il  1  v  requires  flood  proofing 
would  be  in  concert  with  t he  city’s  long-range  sewer  svstcni  improvement 
program.  Some  of  the  required  drive  wav  grade  raises  near  1 'it  ii  Avemn 
South  would  be  unavoidably  sloop,  but  still  usable.  on!  i  n  i  nr,  l  tie  raised 
roadway  section  to  the  east  side  ol  the  street  would  minimi. a  .idver.se 
effects  on  established  residential  landscapes.  Encroachment  ol  t  he  widened 
road  fill  into  Lincoln  Park  propertv  would  have  no  sign  it  icant  adverse 
ef  feet  . 

REACH  2  -  LINCOLN  PARK  FLOOD  BARRIER  RAISE 

Detailed  field  topographic  surveys  have  es t ah  I  i slu'd  that  it  is  clearly 
impractical  to  obtain  a  100-vear  level  ol  protect  ion  with  )  I  ret  ol  I  roe- 
hoard.  The  maximum  obtainable  increase  in  the  existing  10-year  level  of 
protection  would  he  to  a  47-vear  level  with  1  leet  ot  ireeboard.  This 
level  of  protection  does  not  meet  minimum  aeeoplnble  Corps  standards  lor 
urban  structural  measures  and,  therelore,  precludes  Corps  participation 
in  funding  such  construct  ion.  The  47-year  level  of  protection  would  requirt 
raising  the  existing  barriers  nearly  2  ' eet ,  and  analyses  would  have  to 
be  conducted  to  identity  possible  soil  stability  problems.  A  large  raise 
could  possibly  result  in  foundation  settlement  and  possible  failure  of 
the  downstream  levee  extension  (see  Attachment  B) .  A  comparison  ot  average 
annual  costs  with  related  benefits  indicates  that  the  considered  barrier 
raise  and  extension  is  clcarlv  not  ecouom i on  I  1 v  justifiable. 


The*  raise1  to  a  47-vear  level  ol  protection  would  none  rally  sutistv  the 
established  environmental  criteria  ol  minimizing  adverse  ecosyslem  ufft-cLs. 
Attainable  beneficial  social  well-being  ciiert.s  would  be  minor.  Short -term 
adverse  effects  resulting  from  the  temporary  disruption  of  established  resi¬ 
dential  areas  would  be  unavoidable  as  would  the  exclusion  of  eight  resi¬ 
dences  from  the  protected  area.  The  floodwall  extension  could  physically 
be  placed  riverward  of  the  homes  but  only  at  substantial  inereases  in  costs 
to  already  unjust  if iod  measures. 

REACH  5  -  ELOOI)  BARRIER  MODI  El  CAT  IONS 

A  comparison  of  annual  costs  and  henet  its  indicates  that  the  cons  id*.'  red 
flood  barrier  adjustments  would  improve  the  benel it -cost  rat  io  over  that 
obtained  for  the  flood  barrier  system  considered  in  stags-  7.  However, 
economic  viability  is  still  c I ea r I v  lacking  tor  this  reach.  Anv  furtlu-r  ad¬ 
justments  in  barrier  alignment  or  t vpo  would  not  improve  on  this  situation. 
The  Reach  5  measures  generally  satisfy  tei-hnit-.il  criteria  except  in  terms 
of  sufficient  freeboard  and  questionable  slope  stability.  The  maximum  ['Tac¬ 
tical  level  of  freeboard  basod  on  t  iebaeks  to  existing  high  ground  would  be 
about  2 .  r)  feet  at  the  100-year  flood  It  vet.  Since  much  ol  the  considered 
alignment  would  be  within  a  zone  with  potential  foundation  problems,  t bi¬ 
stability  of  the  considered  levee  particularly  between  C.S.  Highway  2  and 
Riverside  Drive  is  questionable  pending  detailed  foundat  ions  analysis  (see 
Attachment  B) . 

The  flood  barrier  alterations  would  generally  meet  the  environmental 
criteria  with  the  exception  of  greater  shade  tree  losses  with  a  levee  in 
lieu  of  the  2,260-foot  floodwall  considered  in  stage  2. 

Overall  social  well-being  effects  would  he  beneficial  with  the  reduc¬ 
tion  of  potentially  severe  damages  to  over  180  homes.  The  loss  of  22  estab¬ 
lished  residences  would  be  a  major  short-term  adverse  social  impact. 


RhACH  b  -  KNCI.ISH  COULKK  CLOSURK  STRUCTl'Ki; 


Tilt'  0.92  benel  it— cost  rat  in  at  the  100-year  level  ol  pruterl  it'll  indi¬ 
cates  a  lack  ol  economic  feasibility  on  the  basis  ot  available  data  and 
analyses  to  date.  This  alternative  satisfies  all  appropriate  technical 
criteria  except  that  the  maximum  practical  freeboard  with  the  100-vear 
plan  would  be  2 . 9  feet  instead  of  the  desired  5  feet  because  ot  instil - 
lieiently  high  ground  in  the  project  area.  It  would  be  impractical  to 
incorporate  the  standard  project  flood  level  within  the  freeboard  range. 

The  derivation  of  average  annual  benefits  for  this  alternative  was 
accomplished  using  preliminary  estimates  of  peak  discharges  from  the  coulee 
drainage  area.  Concurrent  studies  of  the  coulee's  hydrologic  and  hydraulic 
characteristics  by  the  Soil  Conservation  Service  and  federal  Kmergencv 
Management  Agency  were  considered  during,  analysis  of  this  alternative. 

In  addition,  the  St.  Paul  District's  consultant  independently  developed 
frequency-discharge  relationships  lor  the  study  area.  However,  further 
in-house  studies  are  considered  advisable  to  reconcile  differences  between 
the  results  from  these  sources. 

Base  flood  damage  data  used  were  October  1977  data  updated  by  price 
level  indexes  to  August  1979  price  levels.  In  addition,  the  District's 
consultant  conducted  damage  surveys  after  the  1979  Mood  to  extend  coverage 
to  areas  not  included  in  the  original  surveys  and  update  for  new 
developments 

The  estimated  first  and  annual  costs  of  this  alternative  are  strongly 
influenced  by  the  size  and  cost  ol  the  required  interior  runoff  pumping 
measures.  Thus,  any  reduction  in  pumping  costs  resulting  from  Soil  Conser¬ 
vation  Service  measures  in  the  upper  part  of  the  coulee's  watershed  will 
have  positive  economic  impacts  and  may  reverse  the  present  marginally 
infeasible  economic  analysis. 

The  considered  measures  generally  satisfy  the  environmental  criteria 
in  minimizing  adverse  ecosystem  effects.  They  also  satislv  social  well- 


being  criteria  in  terms  of  reducing  tin-  possibility  ol  loss  o  t  lift-  .nui 
throats  to  public  health  and  s.iifty.  The  concept  of  ..  poml  i  up.  ir.-.i  along 
designated  coulee  reach  may  he  perceived  as  an  adverse  el  I  eel  bv  m arhv 
residents,  but  in  reality  the  ponding  area  would  not  change  unv  «-s  t  alt  I  i  shed 
community  systems. 

REACH  h  -  COMB  I  NED  FLOOD  PROOF  INC  AND  EVACUATION 


A  comparison  of  average  annual  costs  and  benefits  indicates  that  100- 
year  measures  would  he  economically  just  it  ied.  However,  several  factors 
influence  and  a  reevaluation  of  project  benefits  could  s ign i f icant 1 v  affect 
this  favorable  finding. 

The  plan  provides  for  temporary  interior  drainage  measures  (such  as 
portable  pumps)  in  leveed  areas  containing  individual  structures  or  clusters 
of  buildings.  Permanent  interior  drainage  collection  and  pumping  facilities 
conforming  to  current  Corps  design  criteria  would  significantly  increase 
project  first  costs  and  reduce  the  benefit-cost  ratio.  The  second  factor 
influencing  the  economic  justification  is  the  use  ot  very  preliminary  hydro- 
logic  and  hydraulic  data  in  determining  discharge-damage  and  frequency- 
damage  relationships.  A  refinement  of  the  hydrologic  and  hydraulic  data 
may  result  in  significant  changes  in  average  annual  flood  damages  and  re¬ 
lated  benefits. 

The  effectiveness  of  this  overall  plan  depends  very  much  on  t ho 
provision  of  effective  temporary  closure  measures  between  DeMers  Avenue  and 
the  Burlington  Northern  railroad  embankment  at  the  junction  with  South  30th 
Street  during  a  major  flood  occurrence.  It  also  depends  on  the  assumed 
practicability  of  temporary  pumping  (using  portable  pumps)  of  interior  run¬ 
off  from  the  floodplain  areas  located  east  of  and  protected  by  the  South 
30th  Street  road  raise.  A  permanent  closure  measure  and  permanent  interior 
drainage  pumping  facilities  would  further  impair  the  benelit-eost  ratio. 
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The  considered  measures  would  result  in  on  1 v  minor  localized  adv<  rsi 
environmental  effects  because  t  he  work  affects  e  i  l  h*  r  lawns  or  paved  anas. 
Vegetation  Josses  would  hi-  minimal;  the  established  environmental  planning 
objective  would  be  satisfied.  Social  well-being  impacts  would  general |v 
be  beneficial  as  a  result  of  reduced  economic  flood  losses  and  reduced 
threats  to  public  health  and  safetv.  The  presence  of  concrete  and/or 
earthen  flood  barriers  adjacent  to  or  around  structures  would  affect  indi¬ 
vidual  property  landscapes  and  impair  views  of  the  coulee  in  some  cases. 
Access  to  buildings  raised  on  fill  would  be  permanently  altered. 

GRAND  MARAIS  COULEE  DIVERSION 

The  capacity  of  the  existing  Grand  Marais  Coulee  channel  is  presently 
taxed  by  runoff  from  the  coulee  drainage  area  and  natural  overflows  from 
the  Red  Lake  River.  Any  increases  in  overflows  would  exceed  the  existing 
channel  capacity  and  result  in  inundation  and  damages  to  28  farmsteads  and 
adjacent  cropland.  Widening  of  the  channel  and  numerous  cutoffs  and  bridge 
modifications  would  provide  for  additional  overflows  hut  at  considerable 
economic  and  environmental  costs. 

The  exact  amount  of  overflows  at  the  peak  100-year  Rod  Lake  River  dis¬ 
charge  cannot  be  determined  without  more  detailed  hydrologic  studies  (rating 
curve  relationships  at  the  point  of  breakout);  however,  computerized  hack- 
water  studies  along  the  coulee  make  it  reasonably  certain  that  neither  t  he 
natural  nor  modified  channel  could  handle  the  overflows  without  major 
channel  widening  and  bridge  raising  and  lengthening  measures. 

A  compar:  .on  of  annual  costs  and  benefits  lor  channel  modifications 
along  the  coulee  indicates  that  such  measures  would  be  grossl'’  economically 
infeasible.  Benefits  are  limited  because  of  the  small  percentage  of  di¬ 
verted  Red  Lake  River  flows  compared  with  total  Red  River  peak  flood  flows. 
The  measures  world  clearly  violate  the  established  environmental  planning 
objectives  because  of  serious  permanent  losses  of  riverine  woodlands,  wet¬ 
lands,  and  associated  wildife  habitat  along  the  coulee.  The  measures 
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would,  to  a  degree,  satisty  the  social  well-being  objectives  in  terms  of  a 
reduction  in  flood  damages  in  the  urbanized  area.  However,  given  the  ex¬ 
cessive  local  financial  burden  for  required  lands  and  bridge  modifications, 
it  is  very  unlikely  that  area  residents  would  find  the  channel  modification 
measures  acceptable. 

EFFECTS  OF  REVISING  THE  FREQUENCY -DISCHARGE 
RELATIONSHIP  OF  THE  RED  RIVER  OF  THE  NORTH 

Subsequent  to  the  start  of  this  study,  the  St.  Paul  District  has  con¬ 
cluded,  on  the  basis  of  higher  estimates  of  peak  discharges  of  recorded  and 
historic  (pregage)  floods  in  the  19th  century  and  the  recent  history  of  fre¬ 
quent  major  flooding,  that  the  frequency-discharge  relationship  for  the  Red 
River  at  Grand  Forks  should  be  revised.  The  effect  on  the  100-vear  flood  is 
an  increase  in  peak  discharge  from  89,000  cfs^  to  about  106,000  cfs  and  a 
corresponding  stage  increase  from  50.6  feet  at  the  Grand  Forks  gage  to  about 
52.4  feet.  The  89,000-cfs  discharge  now  corresponds  to  about  a  55-vear 
flood  or  1.8-percent  event. 

The  St.  Paul  District  has  determined  that  these  revised  data  will  be 
applied  to  all  future  Corps  flood  control  studies  in  the  Grand  Forks-East 
Grand  Forks  area.  However,  the  basis  of  existing  local  floodplain  manage¬ 
ment  programs  will  continue  to  be  the  administratively  agreed  upon  89,000- 
cfs  100-year  discharge. 

The  revised  frequency-discharge  relationship  redefines  the  100-vear 
flood  so  that  damages  from  such  an  event  in  Grand  Forks  would  be  72  percent 
greater  th,.n  with  the  old  relationship.  The  revised  100-vear  flood  would 
inundate  much  of  the  city's  urbanized  area.  The  1. 8-foot  increase  in  stage 
would  increase  total  area  100-year  flood  damages  from  $53  million  (August 
1979  price  levels)  to  about  $89  million.  Because  sufficiently  high  ground 
is  already  unavailable  in  most  areas  of  Grand  Forks  for  flood  barrier  tie- 
backs  capable  of  providing  3  feet  of  freeboard,  the  only  technically  feasibl 
solution  would  be  a  ring  barrier  around  the  entire  community  together  with 
necessary  closure  structures  and  interior  drainage  measures,  an  alternative 
found  to  be  grossly  infeasible  in  stage  2. 

1  As  administratively  agreed  to  by  the  Corps  of  Engineers;  U.S.  Geological 
Survey,  North  Dakota  and  Minnesota  Districts;  Soil  Conservation  Service; 
U.S.  Department  of  Agriculture;  North  Dakota  State  Water  Commission; 
and  Minnesota  Department  of  Natural  Resources  on  15  June  1971 
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During  stage  3,  sensitivity  analyses  were  conducted  to  examine  the 
impact  oi  the  revised  frequency-discharge  relationship  on  the  urban  study's 
conclusions.  Specifically,  the  Corps  wanted  to  determine  it'  any  of  the 
alternatives  that  lacked  feasibility  with  the  old  relationship  might  become 
feasible  with  the  new  relationship.  Detailed  analyses  were  not  conducted 
on  the  English  Coulee  closure  alternative  nor  on  the  combined  flood  proof¬ 
ing  and  evacuation  alternatives  for  Reaches  1  and  6  because  these  alter¬ 
natives  already  warranted  further,  more  detailed  consideration  (see  the 
recommendations  section  of  this  report).  Despite  the  new  frequency-dis¬ 
charge  relationship,  none  of  the  previously  rejected  alternatives  could 
meet  the  economic  and  technical  criteria  needl'd  to  warrant  Corps  partici¬ 
pation  in  their  implementation. 

RECOMMENDATIONS 

The  following  recommendations  are  directed  at  two  audiences:  local 
interests  -  regarding  what  they  might  do  with  a  reasonable  investment  to 
significantly  reduce  their  flood  susceptibility  -  and  Corps  higher  authority 
regarding  what  direction  future  studies  might  take  to  determine  the  even¬ 
tual  Federal  role  in  permanent  flood  damage  reduction  measures. 

NONSTRUCTU RAL  IMPROVEMENTS  BY  LOCAL  INTERESTS 

•  The  city  should  enforce  existing  floodplain  management  ordinances 
to  preclude  further  residential,  business,  or  other  development  in 
the  100-year  floodplain  unless  such  development  is  in  accordance 
with  said  ordinances. 

•  The  city  should  annually  notify  local  floodplain  residents  of  the 
extent  and  level  that  these  properties  would  be  affected  by  the 
100-year  flood. 


•  The  city  should  maintain  its  eligibility  in  the  Federal  Flood  insur¬ 
ance  program.  The  city  should  encourage  property  owners  to  partici¬ 
pate  in  the  program  by  annually  reminding  them  of  the  availability, 
benefits,  and  requirements. 

•  Public  agencies,  individual  property  owners,  and  businesses  should 
undertake,  where  feasible,  modifications  to  flood  proof  their  pro¬ 
perties.  The  Corps  of  Engineers  can,  through  its  Technical  Services 
Program,  assist  the  city  and  property  owners  in  the  selection  and  de¬ 
sign  of  appropriate  measures.  Initial  emphasis  should  be  on  English 
Coulee  flood-prone  developments  where  such  measures  are  economically 
feasible . 

•  The  city  should  consider  purchasing  and  removing,  as  they  become 
available,  those  floodplain  properties  located  more  than  100  feet 
within  the  100-year  floodplain  or  having  a  first-floor  elevation 
below  the  100-year  flood  level.  The  ultimate  goal  would  be  to 
develop  the  evacuated  areas  as  recreational  or  open-space  areas. 

The  city  should  evaluate  the  feasibility  of  using  U.S.  Department  of 
Housing  and  Urban  Development  Block  Grant  funds  for  this  purpose. 

•  The  city  should  annually  review  and  update  the  flood  emergency  plan 
of  action  flood  fight  manual  developed  during  the  urban  study  through 
a  joint  city.  Corps,  and  consultant  effort. 

STRUCTURAL  IMPROVEMENTS  BY  LOCAL  INTERESTS 

Grand  Forks  should  consider  the  following  structural  measures.  These 
measures,  though  not  economically  justifiable  when  the  Corps'  extremely 
high  design  standards  are  used,  might  be  built  by  the  city  at  a  significant 
cost  savings  with  some  modifications  to  the  Corps'  design.  For  example, 
interior  drainage  can  be  handled  much  cheaper  by  temporary,  portable  pumps 
than  by  a  permanent  pumping  station. 
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•  Although  Federal  participation  is  not  economically  justifiable, 
tile  city  should  consider  constructing  a  closure  structure  and 
providing  interior  drainage  pumping  facilities  at  the  Belmont 
Road  crossing  of  Belmont  Coulee  to  prevent  1  loading  from  Red 
River  backwater. 

•  Although  Federal  participation  is  not  economically  justifiable, 
the  city  should  consider  raising  Belmont  Road  between  11th  and 
17th  Avenues  South,  relocating  the  sanitary  sewage  lift  station 
in  the  area,  and  providing  temporary  pumping  measures  for 
interior  drainage  during  floods. 

•  For  the  long  term,  the  city  should  consider  relocating  the  Lincoln 
Park  recreation  building  to  adjacent  high  ground. 

•  Although  Federal  participation  is  not  economically  justified,  the 
city  should  consider  raising  Stanford  Road  near  II. S.  Highway  2  and 
providing  an  operable  closure  on  the  culvert  through  Stanford 
Rond  to  prevent  flooding  of  structures  adjoining  a  swale  tributary 
to  F.ngltsh  Coulee. 

FURTHER  STUDIES 

•  The  following  alternatives  should  be  studied  in  greater  detail: 

-  Reach  1  -  Combined  flood  prool  ing  and  evacuation. 

-  Reach  6  -  English  Coulee  closure. 

-  Reach  6  -  Combined  I  lood  proofing  and  evacuation. 

Table  19  summarizes  the  results  ot  the  economic  .analyses  for  these 
alternatives.  Flood  proofing  and  evacuation  in  Reach  1  is  economi¬ 
cally  justifiable  below  the  50-year  level  of  protection.  The  closure 
structure/pumping  station  is  marginally  infeasible  (benef i t -cost 
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ratio  0.92  at  the  100-year  level  of  protection),  but  resolution 
of  uncertainties  in  the  hydrology,  hydraulics,  and  flood  damage 
analyses  could  reverse  the  feasibility  picture.  Flood  proofing 
and  evacuation  in  Reach  6  is  economically  feasible  up  to  and 
beyond  the  100-year  level  of  protection. 


Table  19  - 

■  Summary  of  economic  data 
recommended  for  further 

-  alternatives 
study^ 

I  tern 

Level  of 

protection 

(percent) 

Reach  1  - 
Combined 
f  1  ood 
proof ing 

Reach  6  - 
F.ngl  ish 

Con  1 ee 
c 1 osure 

Reach  6  - 
Combined  flood 
proofing  and 
evacuat i on 

First  costs 

4 

$20,000 

$1  ,068,000 

$117,000 

2 

431 ,000 

1,187,000 

463,000 

1 

2,596,000 

1  ,351  ,000 

1  ,1  73,000 

Average  annual 
costs 

4 

1,700 

74,500 

8,400 

2 

31 ,800 

82,600 

32,700 

i 

182,900 

93,900 

81  ,800 

Average  annual 
benefits 

4 

12,000 

26,000 

47,000 

2 

31 ,000 

49,000 

83,000 

i 

58 , 000 

86,000 

1 25,000 

Net  annual  bene¬ 
fits  (nearest 
$1,000) 

4 

10,000 

-49,000 

39,000 

2 

-  1 ,000 

-34,000 

50,000 

1 

-125,000 

-8,000 

4  3 , 000 

Benefit-cost  ratio 

4 

7.1 

0.4 

5.6 

2 

0.97 

0.6 

2.5 

1 

0.3 

0.92 

I  .5 

Structures  involved 

4 

19 

NA 

15 

2 

74 

NA 

45 

i 

200 

NA 

132 

August  1979  price  levels,  100-year  economic  life,  6  7/8-percent 
interest  rate. 


•  The  Corps  should  also  evaluate  the  feasibility  of  increasing  the 
capacity  of  the  culvert  just  downstream  of  DeMers  Avenue  which 
carries  English  Coulee  under  the  Burl  ington  Northern  railroad 
tracks.  In  1979,  ponding  of  coulee  runoff  behind  this  culvert 
caused  serious  flooding  to  neighboring  properties.  Studies  are 
needed  to  determine  if  the  culvert  can  be  enlarged  sufficiently 

to  prevent  upstream  flooding  without  causing  .additional  downstream 
flooding. 

•  The  recommended  studies  should  be  transferred  to  the  small  flood 
control  project  continuing  authority  (Section  205  of  the  1948 
Flood  Control  Act,  as  amended).  The  Section  205  continuing  au¬ 
thority  offers  a  more  expeditious  means  to  accomplish  more  detailed 
studies  and  potential  construction.  Furthermore,  because  of  the 
work  already  accomplished  during  the  urban  study,  the  time  to  com¬ 
plete  a  project  under  the  Section  205  authority  would  be  reduced 
considerably.  Conversely,  continuation  via  the  normal  feasibility 
study  route  could  typically  involve  a  time  lino  ranging  from  8  to 
14  years  for  Washington- Level  review,  preconstruction  planning, 

and  congressional  author ization  and  funding.  During  this  period, 
the  rising  Federal  discount  rate  would  continue  to  erode  the  eco¬ 
nomic  feasibility  of  promising  measures  and  would  certainly  destroy 
the  opportunity  for  Federal  participation  in  any  measure  already 
marginal . 

•  During  the  Section  205  studies  of  English  Coulee  alternatives, 

the  Corps  should  maintain  close  coordination  with  the  Soil  Conser¬ 
vation  Service. 

In  March  1981,  the  Soil  Conservation  Service  published  a  prenuthori- 
zation  report  on  its  preliminary  findings  regarding  flood  control 
measures  in  the  F.ngl  ish  Coulee  watershed.  These  findings  show 
apparent  economic  feasibility  for  an  alternative  consisting  of  the 
dry  dam  in  conjunction  with  a  diversion  ditch  west  and  north  of  the 
citv.  These  results  are  preliminary  and  will  need  additional 
substantiation. 
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The  Soil  Conservation  Service  results  will  dramatically  affect  the 
feasibility  of  the  English  Coulee  alternatives  the  Corps  is  ousld- 
ering.  The  Service's  measures  might  reduce  flows  entering  the  city 
(and  thereby  reduce  damages  in  the  urban  area)  to  the  extent  that 
none  of  the  Corps'  measures  are  justifiable  or  needed.  However, 
without  a  flow  reduction,  the  pumping  requirements  of  tin-  closure 
alternative  are  impracticable.  Consideration  must  be  given  to  the 
two  agencies'  alternatives  independently  and  jointly  to  develop  the 
optimum  overall  plan  for  resolving  the  coulee's  flood  problems. 

•  Specific  topics  that  need  further  attention  during  the  Section  205 
studies  include: 


-  Typographic  mapping.  Because  of  the  flatness  of  tin'  study  area, 
a  small  change  in  flood  elevation  can  result  in  a  substantial 
change  in  the  number  of  damaged  properties.  Better  topography 
will  improve  both  the  hydraulic  and  economic  analyses  and  could 
significantly  affect  feasibility  findings. 

Flood  damage  and  benefit  analyses.  Bid  ore  the  ll)7h  flood,  hack- 
water  from  the  Red  River  was  the  on  I v  recognized  flood  threat 
along  the  English  Coulee.  The  most  comprehensive  damage  survey 
and  analysis  in  the  area  flooded  in  ll)79  bv  coulee  runoff  was 
conducted  in  late  !97d  and  earlv  1480  bv  a  const  'ting  engineer¬ 
ing  firm  in  conjunction  with  the  urban  study.  Inc  consultant's 
findings  should  be  reviewed  in  light  ol  new  topographic,  hydrau¬ 
lic,  and  hydrologic  data  and  updated  residential  depth/damage 
tables.  The  results  ol  this  review  will  also  affect  the  Soil 
Conservation  Services'  plans  because  about  4f>  percent  of  the  bene¬ 
fits  from  the  most  cost -e f f ec t i Ve  alternative  are  derived  I rom 
protection  .afforded  the  urban  .area.  These  urban  benefits  are  based 
on  economic  data  provided  by  the  Corps. 

Hgdraujics  and  hydrology.  The  revised  Red  River  frequency-dis¬ 
charge  relationship  will  be  the  basis  lor  the  designs  and  economic 
analyses  used  in  the  Section  205  studies.  Preliminary  sensitivity 
checks  showed  that  the  effect  of  the  "new"  f  requeue  v-d  i  sch.arge 
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relationship  on  the  benefit-cost  ratio  cannot  be  predicted  -  the 
relative  rates  of  increase  in  costs  and  benefits  must  be  considered 
on  a  case-by-case  basis. 

The  English  Coulee's  hydraulics  and  hydrology  are  not  well  defined. 

There  are  no  historic  gage  records,  and  high-water  marks  from 
major  flood  flows  down  the  coulee  are  limited  to  those  collected 
in  1979.  There  are  at  least  four  sources  of  hydraulic  and/or  hydro- 
logic  analyses  of  the  coulee  -  the  Soil  Conservation  Service,  the 
Federal  Emergency  Management  Agency,  and  two  consulting  firms  that 
worked  on  the  urban  study. 

The  Soil  Conservation  Service  hydrology  focuses  on  hypothetical  rain¬ 
fall  runoff  events,  probably  because  summer  floods  present  the 
greatest  threat  to  rural  interests  in  the  upper  watershed.  However, 
the  St.  Paul  District  feels  consideration  must  be  given  to  spring 
floods,  too,  to  accurately  assess  the  urban  area's  most  serious 
flood  threat. 

The  Federal  Emergency  Management  Agency  will  be  issuing  a  revised 
Grand  Forks  flood  insurance  study  on  31  July  1981.  The  February 
1977  flood  insurance  study  did  not  recognize  the  threat  from  coulee 
runoff.  The  St.  Paul  District  reviewed  the  draft  hydraulic  and 
hydrologic  work  conducted  by  the  Agency's  consultants  and  determined 
that  there  were  still  concerns  warranting  further  study. 

One  of  the  consultants  working  on  the  urban  study  developed  separate 
coulee  frequency-discharge  relationships  for  spring  and  summer  run¬ 
off  events.  The  other  consultant  reviewed  coulee  hydraulics  and 
hydrology  with  regard  to  their  impacts  on  the  Grand  Forks  urban  drain¬ 
age  master  plan.  The  results  of  these  consultants  differed  enough 
from  those  of  the  Soil  Conservation  Service  and  Federal  Emergency  Manage¬ 
ment  Agency  to  warrant  further  studies  to  reconcile  the  discrepancies. 
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F.nvircmmen tal/ social  impacj:  analyst’s.  An  Knv i ronmenta I  Impact 
Statement  or  Finding  ot  No  Signil  icant  Impact  will  he  needed 
if  one  of  the  considered  alternatives  is  recommended  for  construc¬ 
tion  as  a  result  of  the  Section  20r>  studies.  The  greatest  poten¬ 
tial  for  biological  impacts  is  presented  by  the  Soil  Conservation 
Service  dry  dam  and  diversion  channel  measures  for  the  Knglish 
Coulee.  These  impacts  must  he  addressed  hv  the  Service  in  its 
continuing  studies.  01  the  Corps  alternatives  recommended  for 
further  study,  the  closure  structure  has  the  most  likelihood  of 
significant  biological  impacts. 

Social  impacts  will  be  greatest  with  the  flood  proofing  and  eva¬ 
cuation  alternatives.  During  the  urban  study,  a  survey  was  con¬ 
ducted  to  determine  the  public's  perception  of  floods  and  flood 
control  measures  and  the  impacts  of  Mood  protection  or  lack  of 
protection.  The  responses  to  this  survey  will  be  analyzed  as 
part  of  the  Section  205  effort. 

As  part  of  the  urban  study,  a  cultural  resources  literature 
search  and  records  review  was  conducted  for  both  brand  Forks  and 
East  Grand  Forks.  Although  numerous  significant  sites  wore  iden¬ 
tified,  additional  studies,  particularly  standing  structure 
surveys,  would  probably  locate  other  signil  icant  sites. 

Impacts  on  existing  recreational  facilities  and  modifications 
to  improve  recreational  opportunities  should  be  eonsid  -d  when 
formulating  the  recommended  alternatives. 
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ATTACHMENT  A 


DERIVATION  OK  BENEFITS 


GENERAL 


This  attachment  provides  a  brief  discussion  on  the  methodology  used  in 
computing  average  annual  benefits  for  the  alternative  plans  considered. 
Specifically  discussed  are  historic  flood  damages,  present  condition 
damages,  effects  of  the  affluence  factor  on  future  damage  growth  to  re¬ 
sidential  contents,  and  total  average  annual  benefits.  Also  discussed 
are  the  empirical  methods  used  to  adjust  benefit  estimates  for  certain 
alternative  plans. 


EVALUATION  OF  FLOOD  DAMAGES 

CHARACTERISTICS  OF  FLOOD  AREAS 

Grand  Forks  is  subject  to  periodic  flooding  of  the  Red  River;  flood¬ 
ing  begins  at  a  stage  of  about  28  feet  (gage  zero  =  778.35  feet  above  mean 
sea  level,  1929  adjustment).  Appreciable  flood  damages  begin  along  the 
Red  River  at  a  stage  of  about  35  feet  in  unprotected  areas.  Flood  damages 
along  Reach  2  commence  at  a  stage  of  about  50  feet  because  of  overtopping 
of  the  existing  levee.  Significant  damage  along  English  Coulee  usually  is 
caused  by  backwater  flooding  from  the  Red  River  and  begins  at  a  stage  of 
about  46.7  with  flooding  of  walkout  level  basements  and  some  commercial 
strue tures . 

Because  of  the  flat  topographic  relief,  a  large  part  of  the  urbanized 
area  is  subject  to  either  direct  or  indirect  flooding.  Over  2,600  residen¬ 
tial,  commercial,  and  public  buildings  would  be  subject  to  direct  flooding 
from  a  1-percent  chance  flood.  Floof-prone  structures  in  the  floodplain 
for  the  reaches  considered  in  stage  3  are  listed  below: 


1 

9 

5 

6 


Number  of  structures 

Reach  Residential  Commercial  Public 


(Belmont  Road  and  Coulee) 

2  56 

1 

O 

(Lincoln  Park) 

740 

0 

0 

(Riverside  Park) 

382 

19 

1 

(English  Coulee) 

358 

26 

4 

HISTORIC  FLOOD  DAMAGES 


Recent  major  floods  occurred  in  1965,  1966,  1969,  1975,  1978,  and 
1979.  Major  disasters  were  averted  through  emergency  flood  fights.  A 
summary  of  total  flood  damages  incurred  at  Grand  Forks  and  damages  pre¬ 
vented  bv  the  existing  Corps  Roach  2  project  and  emergency  flood  fight 
measures  is  given  in  table  A-l. 


Table  A-l  -  Summary  of_  historic  fj ood_  damages 


Yea  r 

Peak 

flood  stage  (ft) 

Total 

flood  damages 

Damages 

prevented 

1965 

44.92 

$306,000 

$578,000 

1966 

45.55 

516,000 

1,044,000 

1969 

45.69 

420,000 

897,000 

197  5 

(Spring) 

43.27 

758,000 

2 ,238,000  2 

197  5 

( Summer ) 

43.08 

496,000 

1978 

45.73 

82,000 

3,256,000 

1979 

49.5 

7 ,450,000 

1  1  ,909,000 

Taken  from  respective  post-flood  reports. 
Total  for  1975  spring  and  summer  floods. 
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PRESENT  FLOOD  DAMAGES 


Under  present  conditions,  extensive  residential,  public,  and  commer¬ 
cial-industrial  development  in  Reache.-.  1,  2,  5,  and  6  is  subject  to  direct 
and  indirect  flood  damages.  Direct  damages  include  surface  flooding  effects, 
while  indirect  damages  include  the  adverse  effects  of  seepage  and  sewt  r 
backup.  Present  condition  total  flood  damages  (based  on  August  1979  price 
levels)  are  given  in  table  A-2 . 


Table  A-2  -  Summary  of  total  flood  damages 


Reach 

50-year 
flood  level 

1  00-year 
flood  level 

Standard  project 
flood  level 

1 

$1,487,000 

$2,723,000 

$4,519,000 

2 

4,073,000 

6,635,000 

10,982,000 

5 

1,899,000 

2,906,000 

5,148,000 

6 

2,288,000 

5,686,000 

7,322,000 

Elevation-damage  and  frequency-damage  relationships  were  developed 
for  the  given  reaches  to  analyze  the  present  condition  flood  damage  poten¬ 
tial  (figures  A-l  through  A-4) .  Present  condition  average  annual  damages 
updated  to  August  1979  price  levels  are  given  in  table  A-3 . 


Table  A-3  - 

Summary  of  present 
(100-year 

condition  average  annual 
flood  level) 

1  damages 

FI  ood 

damage 

category 

Total  average 
annual 

Reach 

Residential 

Publ ic 

Comm . -Indust . 

damages 

1 

$78,800 

$1,100 

$  o 

$79  ,900  * 

2 

153,200 

3,100 

0 

1 56,300 

5 

98,700 

5,700 

2 , 000 

106,400 

6 

118,500 

2,300 

3,000 

123,800 

Grand  Forks 

497,200 

112,200 

618,900 

1  ,228,300 

E.  Grand  Fork;: 

;  346,400 

25,800 

617,300 

989,500 

$79,000  =  $69,800  x  1.144  (see  figure  A-l). 


FUTURE  FLOOD  DAMAGES 


Flood  damages  attributable  to  future  developmental  growth  would  In- 
limited  to  conforming  floodplain  uses,  development  above  the  100-vear 
flood  level,  or  flood-proofed  developments.  For  instance,  the  estimated 
number  of  future  structures  in  Reach  6's  100-year  floodplain  is  given 
in  table  A-4  for  present  or  1980  base  year  conditions  and  2030  conditions. 
No  increases  in  numbers  of  residential  and  commercial -industria 1  struc¬ 
tures  are  projected  for  the  period  of  analysis. 


Tabl e_  A_-4_ -_  R_t\a_ch  6  -  F, s t_ima_t ed _ fp  t  u re  development 

Number  of  structur- 


Development 

Existing 

Future 

category 

(1980) 

(2030) 

Residential 

358 

358 

Pub l ic 

11 

20 

Commercial -Indus trial 

26 

26 

In  accordance  with  ER  1105-2-351  only  the  growth  in  damages  to  re¬ 
sidential  contents  is  evaluated.  The  future  maximum  value  of  contents  in 
the  study  area  was  estimated  at  75  percent  of  the  structure  value.  For  in¬ 
stance,  the  existing  residential  property  valuation  in  Reach  6  is  about 
$13,604,000  for  358  structures  affected  by  flooding.  A  maximum  future 
contents  value  of  75  percent  of  the  structure  value  compared  *n  the  esti¬ 
mated  current  contents  value  of  25  percent  of  the  structure  value  yields 
a  3.0  limiting  growth  factor.  A  per  capita  income  growth  factor  of  4.34 
(from  an  analysis  of  area  trends)  indicates  a  3 . 00-perceut  compound  growth 
factor.  With  the  limiting  factor  of  3.0  and  a  3.00-percent  growth  rate, 
future  growth  of  residential  contents  damages  will  cease  in  year  37. 


With  a  1980  base  year,  average  annual  residential  damages  in  Reaeli  h  of 
$123,800,  and  estimating  that  contents  account  for  40  percent  of  flood 
losses,  the  base  year  average  annual  damage  to  contents  in  this  reach 
would  be  $49,300.  Adjusted  unit  flood  damages  for  Reaches  1,  2,  5,  and 
6  art'  given  for  year  1980  in  table  A-5. 


Reach 


2 

5 

6 


Table  A-5  -Unit  flood  damages 

Unit  I lood  damages 

Structure  Contents  Total 


$184.61 

124.17 

134.97 

198.66 


$123.09 
82.78 
103.32 
I  32.43 


$307.70 
206.93 
238.29 
331 .09 


Table  A-6  shows  the  adjusted  unit  flood  damages  for  selected  years 
reflecting  the  affluence  factor. 


Table  A-6 

-  Adjusted  unit 

res  iden t i a  1  f 1 ood 

damages 

Reach 

Ca tegory 

Year 

1980 

201  71 

2030 

I 

Structure 

$184.61 

$184.61 

$184.61 

Contents 

123.09 

372.96 

372.96 

307.70 

557.57 

557.57 

2 

Structure 

124.17 

124.17 

124.17 

Contents 

82.78 

250.82 

250.82 

200.95 

374.99 

3/4 .99 

5 

Structure 

154.97 

154.97 

154.97 

Contents 

103.32 

313.06 

313.06 

258.29 

468.03 

468.03 

6 

Structure 

198.66 

198.66 

198.66 

Contents 

1 32.43 

401 .26 

401 .26 

331 .09 

599.92 

599.92 

Year  in  which  growth  ceases  (year  37). 
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Future1  average  annual  damages  for  the  four  reaches  were  computed  by 
applying  the  unit  data  in  table  A-6  to  the  total  number  of  structures 
(table  A-7).  Similar  data  for  the  Grand  Forks  and  East  Grand  Forks  areas 
are  given  in  table  A-8 . 

Public  damages  are  projected  to  increase  as  shown  in  tables  A-7  and 
A-8.  Lacking  definitive  plan  expansion  plans  for  present  commercial  and 
industrial  development  and  recognizing  that  future  development  would  be 
constructed  above  the  100-year  flood  level  ,  no  future  growth  in  damages 
was  projected  for  such  development.  Total  average  annual  flood  damages 
for  the  four  selected  reaches  are  shown  on  figures  A-l  through  A-4. 

FLOOD  DAMAGE  REDUCTION  BENEFITS 


GENERAL 

Flood  damage  reduction  benefits  considered  reflect  the  difference 
between  average  annual  flood  damages  with  and  without  the  considered  alter 
native  plans.  The  derivation  of  present  condition  benefits  (in  terms  of 
October  1977  price  levels)  based  on  the  reduction  of  average  annual 
damages  is  shown  on  the  frequency-discharge  quadrants  of  figures  A-l 
through  A-4. 

Present  condition  residential  and  public  benefits  are  considered  to 
increase  in  the  same  proportion  as  future  flood  damages  in  the  determina¬ 
tion  of  benefits  resulting  from  the  reduction  in  future  flood  damages.  Tit 
derivation  of  average  annual  benefits  for  the  selected  reaches  for  a  100- 
year  level  of  protection  is  shown  on  table  A-9.  Similar  computations  lor 
the  50-  and  25-year  levels  of  protection  are  given  in  table  A-10.  Present 
and  future  condition  benefits  (100-year  level)  for  the  entire  Grand  Forks- 
East  Grand  Forks  study  area  are  given  in  table  A  — 1 1 .  Similarly,  table  A-l 
displays  average  annual  benefits  for  the  entire  study  area  for  the  50-  and 
25-year  levels  of  protection.  A  summary  of  total  average  annual  benefits 
for  the  individual  study  reaches  and  the  entire  study  area  is  given  in 
table  A-13. 
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Average  annual  equivalent  factor  =  0.3450  for  3~  years  of 
growth  and  no  growth  thereafter  during  the  100-year  economic 
life. 
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Benefits  proiected  to  increase  in  proportion  to  average  annual  damages. 

Residential  and  public  benefits  expected  to  accrue  in  nrooortion  to  growth  of 
average  annual  damages  and  with  each  category  annual  iced  using  appropriate  averag 
annual  equivalent  factor. 
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1980  benefits  =  October  77  benefits  updated  to  August. 

1979  price  levels  (factor  =  1.144).  Composite  curve  used. 


Table  A-13  -  Summary  of  average  annual  benefit 9 


Area 

Grand  Forks 

reaches 

100-year 

50-year 

2_5_-year _ 

Reach 

1 

$57,410 

$30,440 

$11,410 

87,190 

14,050 

0 

5 

88,230 

58,320 

28,080 

6  (English  Coulee) 

84,530 

47,750 

25,190 

En t  i_r e_  Grand  Jo r k_s -East_  C_rand_  Jpj ks__stud_y_  are a 


_C_ity 

Grand  forks  {>03,800 

East  Grand  Forks  729,000 


318,700  83,600 

536,900  248,100 


Total 


1 ,332,800 


855 , 600 


531,700 


DETERMINATION  OF  TOTAL  BENEFITS  -  REACH  6 


Table  A-9  and  plate  A-4  indicate  a  present  condition  100-year  Lenei  it 
tor  Reach  6  of  $66,580.  Similarly,  table  A-10  shows  a  50-vear  present  con¬ 
dition  benefit  of  $37,520.  These  values  were  determined  using  Onto  r  1977 
flood  damage  data  updated  to  August  1979  price  levels  and  are  the  result  o I 
reductions  in  damages  attributable  to  Red  River  of  the  North  backup  only. 

The  April  1979  flood  demonstrated  that  flood  damages  along  the  English 
Coulee  were  not  only  caused  by  Red  River  of  the  North  backup  but  also  high 
flows  down  the  coulee  itself.  Hydrologic  and  hydraulic  studies  and  detailed 
flood  damage  surveys  in  the  upper  portion  of  the  coulee  showed  that  sub¬ 
stantial  flood  damages  could  occur  upstream  of  the  DeMers  Avenue  Bridge  as 
a  result  of  high  coulee  flows. 

The  stage  3  economic  studies  indicated  that  average  annual  flood  damages 
for  the  coulee  reach  upstream  of  the  Burlington  Northern  railroad  bridge 
(near  DeMers  Avenue  as  shown  on  figure  2)  resulting  from  high  coulee  flows 
would  be  approximately  $252,000.  Because  Red  River  of  the  North  backwater 
has  little  effect  on  flood  levels  in  this  area,  related  damages  would  he 
minor  and,  thus,  were  not  evaluated  for  this  analysis.  Similarly,  the 
effect  of  high  coulee  flows  downstream  of  the  Burlington  Northern  railroad 
bridge  superimposed  on  effects  of  Red  River  backwater  would  also  be  rela¬ 
tively  minor  (because  of  significant  discharge  and  stage  reductions  at  the 
bridge)  and  was  disregarded. 

The  considered  closure  structure  at  Mill  Road  would  only  reduce  those 
damages  attributable  to  Red  River  backup,  which  are  estimated  at  $123,780 
(present  condition)  as  shown  on  table  A-7 .  Related  average  annual  100- 
year  flood  damage  reduction  benefits,  including  allowances  for  estimated 
future  damage  growth,  would  be  $84,530  as  shown  on  table  A-9. 

The  considered  flood  proofing  and  evacuation  alternative  for  Reach  6 
would  reduce  recurring  flood  damages  from  both  Red  River  backup  and  high 
flows  from  the  coulee  drainage  area.  Flood  damage  reduction  benefits 
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a  t t  r  ibutab  1 e  to  the  high  coulee  flow  situation  wore  determined  with  the 
assumption  that  a  recently  completed  raise  of  South  30th  Street  together 
with  an  effective  closure  across  DeMers  Avenue  and  temporary  interior 
drainage  measures  would  substantially  reduce  the  flood  damage  potential. 
These  measures  were  assumed  to  provide  a  100-year  level  of  protection 

Ni 

to  property  located  east  of  the  barrier.  Remaining  100-year  flood  damages 
in  the  unprotected  areas  upstream  of  the  Burlington  Northern  railroad 
bridge  would  be  reduced  from  $230,000  to  $65,000.  The  considered  flood 
proofing  and  evacuation  measures  would  further  reduce  these  damages  by 
$33,800  (100-year  flood  level)  for  a  100-year  average  annual  present  con- 
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ATTACHMENT  B 
PRELIMINARY  ASSESSMENT 
OF  LEVEE  STABILITY 

SUMMARY 

Movement  of  the  r  i  ver  banks  at  various  locations  in  the  Grand  Forks 
irea  iias  been  documented  since  1910.  The  instability  has  been  precipita¬ 
ted  by  both  manmade  loadings  and  natural  erosion  processes.  The  primary 
cause  ol  the  earth  movements  is  the  presence  of  a  foundation  deposit  of 
weak  glacial  lake  clay.  While  this  unit  is  known  to  underlie  the  majority 
of  the  Grand  Forks  area,  river  erosion  has  completely  or  partially  removed 
this  deposit  in  several  areas  adjacent  to  the  river.  In  these  areas,  the 
subsurface  deposits  are  generally  stronger  and  less  likely  to  undergo 
movements  when  loaded  with  earth  fills.  Because  subsurface  data  are  lack¬ 
ing  on  most  of  the  study  area,  the  foundation  profile  was  inferred  on  the 
basis  of  ll.S.  Geological  Survey  topography  which  indicates  general  surface 
erosion  patterns.  On  the  basis  of  inferences  regarding  the  subsurface 
profile,  it  was  concluded  that  (!)  a  levee  raise  of  the  permanent  project 
earth  fill  is  judged  to  be  at  least  marginally  feasible,  (2)  the  natural 
riverbauks  upstream  and  downstream  of  the  permanent  project  have  a  high 
potential  for  earth  movement  if  earth  fill  is  placed  close  to  the  river, 
and  (3)  the  construction  of  levees  in  the  Riverside  Park  area  may  be  fea¬ 
sible,  but  extreme  care  should  be  taken  in  siting  the  upstream  and  down¬ 
stream  tiebacks. 

Because  definitive  subsurface  information  is  lacking,  the  above 
conclusions  should  be  viewed  as  very  preliminary  and  should  be  verified 
by  subsurface  analysis  at  an  early  stage  in  project  planning. 

GENERAL  DESCRIPTION  OF  AREA 

SCOPE  OF  ASSESSMENT 

The  conclusions  and  evaluation  in  this  report  represent  a  preliminary 
assessment  of  the  technical  feasibility  of  constructing  or  raising  earth 
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levees  at  various  areas  along  the  Red  River  in  Grand  Forks,  North  Dakota. 

In  many  areas,  subsurface  data  are  fragmentary  or  nonexistent.  The  results 
and  conclusions  of  this  study,  therefore,  can  only  he  treated  as  an  educated 
guess  at  the  subsurface  conditions  and  problems  associated  with  placement  o' 
earth  fill  along  the  banks  of  the  Red  River. 

SUBSURFACE  INFORMATION 

Available  subsurface  information  included  numerous  borings  and  labora¬ 
tory  testing  done  during  1949-50  and  1954  in  conjunction  with  the  permanent 
levee  project  in  Grand  Forks.  Subsurface  information  in  the  East  Grand 
Forks  area  was  available  from  the  General  Design  Memorandum,  Grand  Forks- 
East  Grand  Forks  dated  May  1953.  The  history  of  earth  movements  was  ob¬ 
tained  from  various  Corps  of  Engineers  memorandums  and  visual  observations 
made  from  1968-1979.  The  terminology  used  to  describe  the  various  deposits 
in  the  Grand  Forks  area  was  obtained  from  unpublished  notes  of  Steven 
Brophy,  North  Dakota  Geological  Survey. 

I 

SUBSURFACE  PROFILE 

The  character  and  configuration  of  the  subsurface  profile  in  the  Grand 
Forks  area  have  a  major  influence  on  the  occurrence  of  earth  slides.  The 
subsurface  deposits  in  the  Grand  Forks  area  are  a  product  of  the  last 
glacial  age  when  northward  drainage  of  the  Red  River  was  blocked  by  the 
retreating  glacial  ice  mass.  This  blocked  drainage  resulted  in  the  forma¬ 
tion  of  Lake  Agassiz.  Most  of  the  upper  subsurface  deposits  in  the  Grand 
Forks  area  were  deposited  in  this  lacustrine  environment.  The  top  illustra¬ 
tion  in  figure  B-l ,  shows  the  unaltered  lacustrine  deposits.  The  major  units 
in  this  subsurface  profile  consist  of  the  following: 

1.  Shjirnc_k  Unit  (ground  surface  to  elevation  785+) 

This  unit  consists  of  a  laminated  clay  unit  with  moisture  contents 
of  30  to  50  percent  and  liquid  limits  of  60  to  80  percent.  The  clay 
in  this  deposit  is  laminated  with  silt  lenses  which  are  capable  ol 


carrying  groundwater.  This  unit  is  generally  believed  to  have 
been  deposited  in  a  shallow  water  environment  during  the  later 
stages  of  Lake  Agassiz.  In  general,  the  Sharaek  Unit  represents 
a  relatively  competent  deposit  with  undrained  shear  strengths  of 
700  to  1,200  psf  (pounds  per  square  foot)  or  more. 

2.  Brenna  Unit  (elevation  785+  to  755+) 

The  Brenna  Unit  may  be  considered  as  the  "bad  actor"  in  the  sub¬ 
surface  profile.  This  unit  was  originally  deposited  during  the 
deepwater  phases  of  Lake  Agassiz.  A  former  drying  surface  has 
been  identified  in  the  upper  portions  of  the  Brenna  Unit.  The 
drying  surface  is  believed  to  represent  an  intermittent  period  of 
geological  history  when  the  glacial  lake  was  temporarily  drained. 
The  Brenna  Unit  is  composed  of  massive  clay  deposits  with  moisture 
contents  of  50  to  80%  and  liquid  limits  from  90  to  130%.  Void 
ratios  range  from  1.7  to  2.3.  The  Brenna  Unit  may  be  considered 
as  a  very  weak  deposit  with  undrained  shear  strengths  in  the  range 
of  400  to  500  psf.  The  presence  of  this  unit  is  responsible  for 
the  large  number  of  earth  movements  which  have  occurred  along  the 
Red  River  in  the  area  of  Grand  Forks. 

3.  Lake.  WasjTed  J'ill  (elevation  755+  and  below) 

The  unit  underlying  the  Brenna  deposit  has  been  classified  as 
lake  washed  till.  In  comparison  to  the  Sharaek  and  Brenna  Units, 
this  deposit  is  relatively  strong  and  the  top  of  this  unit  repre¬ 
sents  a  lower  boundary  for  earth  movements. 

EFFECT  OF  EROSION  ON  THE  SUBSURFACE  PROFILE 

At  some  time  after  the  recession  of  Lake  Agassiz,  the  Red  River 
scoured  out  the  lacustrine  deposits  in  many  areas  adjacent  to  the  river 
and  redeposited  fluvial  (river)  deposits  in  their  place.  The  final 
product  of  this  process  is  shown  in  the  bottom  illustration  of  Nguro 
B-l .  As  a  result  of  this  erosion  and  deposition  process,  the  thickness 
of  the  weak  Brenna  Unit  varies  along  the  Red  River  from  approximately 
0  to  30  feet.  The  fluvial  deposits  consist  of  predominantly  silt  and 


and  clay  material  with  traces  of  organic  material.  In  strength  charac¬ 
teristics,  the  1 luvial  deposits  are  generally  comparable  to  the  Sharack 
Unit  and  stronger  than  the  Brenna  formation.  Therefore,  in  areas  where 
the  Brenna  Unit  has  been  eroded  and  replaced  by  fluvial  deposits,  the 
subsurface  profile  is  much  more  capable  of  sustaining  the  loads  imposed 
by  earth  fills. 

A  general  assessment  of  the  stability  characteristics  of  the  various 
reaches  of  the  Red  River  in  the  Grand  Forks  area  depends  to  a  large  ex¬ 
tent  on  the  identif ication  of  the  areas  where  the  full  thickness  of  the 
Brenna  Unit  is  present.  Because  the  Red  River  has  an  extremely  small 
flow  gradient,  it  has  historically  exhibited  a  tendency  to  meander. 

Remnants  of  abandoned  oxbows  attest  to  the  meandering  characteristics 
of  the  river.  Figure  B-2  shows  a  map  of  the  Grand  Forks  area  upon  which 
the  825  msl  contour  has  been  superimposed.  The  825  contour  is  signi- 
ficant  because  it  represents  the  approximate  elevation  of  the  uneroded 
surface  of  the  flat  plains  on  either  side  of  the  river.  Areas  between 
the  825  contour  and  existing  shore  of  the  river  (elevation  792+)  may  be 
assumed  to  have  been  at  least  partially  eroded  by  the  river.  The  presence 
of  at  least  some  subsurface  fluvial  deposits  and  favorable  foundation 
conditions  may  therefore  be  inferred  in  areas  where  the  825  contour  is 
located  at  relatively  large  distances  from  the  river. 

HISTORY  OF  EARTH  MOVEMENTS 

The  use  of  the  825  contour  to  identify  subsurface  fluvial  deposits 
is  at  best  a  very  broad  general iza t ion  which,  in  specific  areas,  must  be 
substantiated  by  subsurface  investigations.  However,  the  general  validity 
of  using  the  825  contour  to  identify  fluvial  deposits  and  favorable  founda¬ 
tion  conditions  is  illustrated  by  the  data  contained  on  figure  B-2  and 
table  B-l  which  show  the  location  of  previous  earth  movements  documented 
in  the  Grand  Forks  area.  It  may  be  noted  that  virtually  all  the  movements 
occurred  in  areas  where  the  825  contour  is  relatively  close  to  the  river. 


LOCATION  OF  STUDY  AREAS 

Figure  B-2 


___Table_  B-l  Description  of  previous  earth  movements 

1.  RIVERSIDE  PARKEMERCENCY  LEVEE .  Slide  started  in  1972  and  move¬ 
ment  increased  after  addition  of  more  emergency  levee  fill  in 
1976.  The  slide  is  active  and  moving. 

2.  EAST  GRAND_  FORKS  EMERGENCY  LEVEE .  Slide  is  located  behind  houses 
located  on  riverward  side  of  North  First  Street  near  Third 
Avenue  North.  The  slide  is  active. 

3.  GREAT  NORTHERN  ^ILWAY  BRJDCE.  This  movement  ocurred  in  1910 
during  construction  of  the  abutment  for  the  bridge.  Subsequent 
unloading  and  construction  of  a  long  timber  trestle  in  lieu  of 
earth  fill  have  apparently  stabilized  the  area. 

4.  C I TY_ WATERWORKS .  This  slide,  which  ocurred  in  1946,  was  caused 
by  the  addition  of  dump  and  debris  material  landward  of  the 
water  storage  tank.  The  slide  area  appears  stable. 

5.  M_INNESOTA_  AVENUE_  BRIDGE  _IN  E AST  GRAND  FORKS.  The  right  abutment 
of  this  bridge  has  slumped  from  3  to  4  feet  and  has  extended  into 
a  parking  lot  adjacent  to  the  bridge.  This  slide  is  active. 

6.  SI.jnE_AT_UPSTREAM_  F.ND_0F_  CORPS  l.EVEE.  This  slide  occurred  in  19  54 
and  necessitated  relocation  of  homes,  unloading  of  the  river 
slopes,  and  installation  of  approximately  400  feet  of  floodwall. 
The  slide  is  inactive. 

7.  G_RAND__FORKS_  REC_RjiATION_  BUILDING .  This  structure  straddles  an 
active  slide  which  was  first  noted  in  1969.  The  building  has 
been  severely  cracked  and  displaced,  and  the  lower  level  is  un- 
usabl e . 

8.  ELKS  CLUB  PARKING  LOT .  This  slide  appears  to  be  active  and  has 
caused  vertical  displacements  of  about  2  feet  in  the  parking 
lot. 


The  significance  of  fluvial  deposits  to  the  stability  of  earth  struc 
tures  is  best  illustrated  by  the  construction  history  of  the  permanent 
levee  project  at  Grand  Forks.  The  construction  of  the  flood  protection 
required  approximately  20-foot  levee  fills  along  the  majority  of  the 
barrier  alignment.  Borings  indicate  the  presence  of  fluvial  deposits 
in  this  area.  No  difficulty  was  encountered  until  a  low  6-foot  fill 
was  constructed  on  the  south  end  of  the  project  (where  the  825  contour 
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was  close  to  the  river).  Because  the  thickness  of  the  Brenna  Unit  in  this 
area  is  35  feet,  a  large  slide  was  initiated  which  required  the  construc¬ 
tion  of  a  floodwall  and  a  2-year  delay  in  completion  ol  the  project. 

EVALUATION  OF  NEW  LEVEE  CONSTRUCTION  OR  LEVEE  RAISES 

GENERAL 

The  technical  feasibility  of  levee  construction  was  assessed  at  tour 
locations.  These  four  locations  are  shown  on  figure  B-2  and  .ire  numbered 
from  upstream  to  downstream.  At  areas  I,  3,  and  4,  the  assessment  is 
somewhat  subjective  because  subsurface  information  is  not  available.  At 
area  2,  enough  data  were  available  to  merit  a  preliminary  stability 
analysis.  In  all  areas,  it  was  assumed  that  the  top  elevation  of  the 
levee  would  be  835.6+  and  that  the  natural  riverbank  was  presently  stable. 
The  stability  of  the  natural  riverbank  is  an  extremely  important  item 
which  should  be  verified  by  detailed  field  inspection.  The  conclusions 
given  below  are  based  on  broad  generalizations  and  are  intended  to  serve 
only  as  a  guide  for  preliminary  planning.  Tt  is  recommended  that  these 
conclusions  be  verified  by  subsurface  investigations  at  an  early  point  in 
the  planning  and  design  process. 

AREA  1  (UPSTREAM  OF  PERMANENT  PROJECT) 

A  raise  of  the  permanent  project  levee  would  require  an  extension 
of  the  levee  in  the  vicinity  ol"  area  1.  This  area  is  very  close  to  the 
location  where  the  1953  slide  took  place.  Examination  of  figure  B-2 
indicates  that  the  825  contour  is  relatively  close  to  the  river  which 
indicates  the  probable  presence  of  an  adverse  foundation  profile.  On 
the  basis  of  these  two  factors,  the  addition  of  earth  fill  in  this  area 
would  create  a  high  probability  for  failure  of  the  riverhanks.  Therefore, 
it  is  recommended  for  planning  purposes  that  a  floodwall  be  considered  for 
this  area  or  that  the  levee  alignment  be  located  well  landward  of  the 
river.  The  use  of  a  floodwall  would  only  be  feasible  if  the  existing 
natural  slope  is  stable. 


y 
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AREA  2  (PERMANENT  PROJECT) 


An  increase  in  the  height  of  the  permanent  project  levee  was  analyzed 
using  data  contained  in  "Report  on  Foundation  Investigations  Made  Subse¬ 
quent  to  Slide  at  Upstream  End  of  Grand  Forks,  North  Dakota  Levee,"  pre¬ 
pared  by  the  St.  Paul  District,  Corps  of  Engineers.  A  levee  cross  section 
shown  on  figure  B-3  was  analyzed  for  the  end  of  construction  case  using 
the  Corps'  circular  arc  stability  program  741-030.  The  soil  parameters 
used  in  the  analysis  were  identical  to  those  utilized  in  the  1954  study. 
The  results  of  the  analysis  indicate  that  the  factor  of  safety  for  the 
existing  levee  is  1.26.  As  shown  on  figure  B-3,  the  levee  raise  decreases 
the  factor  of  safety  to  1.13.  Neither  factor  of  safety  meets  the  required 
value  of  1.30.  However,  the  analysis  and  parameters  shown  on  figure  B-3 
did  not  include  the  effects  of  any  time-dependent  increase  in  strength. 

It  is  probable  that  the  loading  of  the  existing  levee  fill  and  attendant 
consolidation  have  caused  some  strength  gain  in  a  portion  of  the  founda¬ 
tion  deposits.  Therefore,  the  analysis  shown  on  figure  B-3  is  conserva¬ 
tive  and  future  drilling,  testing,  and  analysis  would  result  in  factors 
of  safety  which  approximate  1.3  or  more.  For  this  reason,  a  raise  of  the 
majority  of  the  existing  levee  section  is  potentially  feasible  from  a 
stability  standpoint. 

AREA  3  (DOWNSTREAM  OF  PERMANENT  PROJECT) 

An  extension  of  the  levee  fill  on  the  downstream  end  of  the  permanent 
project  would  involve  a  relatively  high  risk  of  failure  unless  the  align¬ 
ment  is  located  well  away  from  the  river.  As  shown  on  figure  B-2,  the  825 
contour  is  located  close  to  the  river  in  this  area,  and  it  is  therefore 
probable  that  a  relatively  weak  subsurface  profile  is  present.  It  is 
recommended  that  a  stub  floodwall  (no  base  or  sheet  piling)  be  considered 
in  this  reach  if  the  alignment  lies  close  to  the  river. 
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AREA  4  (RIVERSIDE  PARK  AREA) 


Construction  of  a  levee  in  the  Riverside  Park  area  may  be  feasible 
depending  on  the  height  and  location.  On  the  basis  of  the  topography, 
a  favorable  foundation  profile  probably  exists  in  a  large  part  of  the 
area.  However,  a  recent  slide  occurred  (No.  1,  figure  B-2)  in  the  up¬ 
stream  area  of  this  reach.  The  slide  was  located  in  an  area  where  the 
825  contour  was  relatively  close  to  the  river,  indicating  the  presence 
of  the  weak  Brenna  Unit.  While  levee  construction  is  probably  feasible, 
the  locations  of  upstream  and  downstream  levee  tiebacks  in  this  area  are 
particularly  critical  and  should  be  based  on  a  detailed  assessment  of 
foundation  conditions. 
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URBAN  DRAINAGK  MASTER  PLAN 
GRAND  FORKS,  NORTH  DAKOTA 


INTRODUCTION 


Grand  Forks,  North  Dakota,  has  three  major  drainage  problems:  (1) 
locaL  flooding  and  temporary  impoundment  of  runoff  because  of  inadequate- 
drainage  facilities,  (2)  overflow  of  the  combined  wastewater  and  storm 
sewer  system  during  heavy  rainfalls,  and  (3)  frequent  flooding  caused  by 
high  flood  stages  on  the  Red  River  of  the  North.  These  problems  were 
identified  in  the  Grand  Forks-K.ast  Grand  Forks  Urban  Water  Resources  Study, 
Stage  2  Floodplain  Management  Appendix  completed  by  the  Corps  of  Engineers 
(Ref.  1).  The  Floodplain  Management  Appendix  recommends  that  a  master 
drainage  plan  be  developed  for  Grand  Forks  and  a  2-mile  fringe  around  the 
city . 


In  accordance  with  the  above  recommendation,  this  report  presents  two 
drainage  plans  designed  to  minimize  urban  flooding  in  Grand  Forks  and  to 
serve  as  a  base  for  an  overall  flood  control  plan  for  the  city  for  the 
year  2030.  The  costs  of  the  drainage  plans  and  the  impacts  of  each  plan  on 
flooding  within  the  study  area  are  reviewed  in  the  report,  and  one  of  the 
options  is  recommended  for  implementation  by  Grand  Forks.  The  proposed 
drainage  plans  were  formulated  and  analyzed  on  the  basis  of  their  conformance 
to  the  following  objectives  of  stormwater  management: 

•  Minimize  existing  and  future  adverse  impacts  of  storm  drainage. 

•  Provide  a  drainage  plan  with  maximum  net  economic  efficiency. 

•  Enhance  and  preserve  the  quality  of  the  environment. 

•  Stimulate  an  orderly  and  systematic  water  and  related  land  use 
plan  within  the  study  area. 

•  Develop  a  staged  drainage  plan  consistent  with  the  growth  objective 
of  the  study  area  and  adjacent  areas. 
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STUDY  BOUNDARIES 

As  shown  on  the  location  map  (figure  1),  Grand  Forks  is  in  northeastern 
North  Dakota  approximately  298  miles  upstream  of  the  mouth  of  the  Red  River 
(Lake  Winnipeg).  The  study  area  consists  of  approximately  3  3  square  miles  of 
undeveloped  and  developing  land  outside  the  sewered  portion  of  the  city  and 
within  the  city's  2-mile  limit  of  zoning  jurisdiction.  The  inner  and  outer 
study  boundaries  are  shown  on  the  study  area  map  (figure  2).  The  southern 
edge  of  the  outer  study  boundary  extends  south  1  mile  beyond  the  zoning  limit 
between  the  Red  River  and  Interstate  29.  Areas  within  the  sewered  portion  of 
the  city  were  considered  in  the  study  to  the  extent  that  they  affect  drainage 
within  the  study  area. 


POPULATION 


Grand  Forks  had  a  population  of  42,581  in  1 9  76 ;  the  city's  projected 
population  for  the  year  2000  is  62,900  (Ref.  2).  Ihe  Grand  Forks  City 
Planning  Office  projects  a  slowed  growth  rate  after  2000  to  a  population  >0 
about  75,000  by  the  year  2030.  This  estimate  is  based  on  a  uniform  growth 
rate  of  433  persons  per  year  after  the  year  2000,  a  rate  27  percent  lower 
than  that  which  occurred  in  1975  and  19/h  and  about  43  percent  lower  than 
the  estimated  growth  rate  for  1970  through  2000. 

LAND  USE 

The  existing  land  use  for  Grand  Forks  is  shown  in  figure  1;  the  citv's 
future  land  use  plan  for  the  year  2000  is  shown  in  figure  ♦.  Huso  figures 
were  developed  by  the  Grand  Forks  Citv  Planning  office  and  the  North  Dakota 
State  Highway  Department.  It  was  assumed  that  areas  zoned  for  commercial, 
industrial,  and  residential  development  in  2000  (figure  4i  will  he  fully 
developed  for  such  uses  by  the  year  2030  and  that  areas  zoned  as  vacant  and 
undeveloped  (agricultural)  will  be  developed  to  the  extent  that  20  percent 
of  the  areas  will  be  impervious  by  2030.  Projected  land  use  for  2030  for 
subwatersheds  within  the  study  area  is  summarized  in  table  1. 
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FIGURE  1 

LOCATION  MAP 

URBAN  DRAINACE  MASTER  PLAN 

Grand  Forks,  North  Dakota  Barr  Engineering  Co. 

Minneapolis,  Minnesota 
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Table  1: 

Future  land  use 

distribution 

(2030) 

Area 

Total  Area, 

Land  Use 

Distr ibut ion , 

Aeres^ 

Name* 

Acres 

A 

B  C 

D 

AL 

241 

241 

_ 

_ 

A2 

428 

268 

- 

160 

A3 

395 

312 

- 

83 

A4 

297 

241 

- 

56 

A5 

520 

520 

- 

- 

A6 

634 

565 

- 

69 

A7 

116 

116 

- 

- 

A8 

264 

44 

- 

220 

A9 

579 

504 

- 

75 

A10 

231 

114 

- 

117 

All 

652 

552 

- 

100 

A12 

628 

623 

- 

5 

A13 

674 

664 

- 

10 

A14 

587 

567 

- 

20 

A152 

103 

- 

- 

- 

B1 

313 

184 

10  20 

26  5 

R2 

56 

1 1 

- 

4  5 

Bl 

130 

- 

- 

1  30 

B4 

52 

42 

- 

10 

Cl 

284 

164 

85  1  5 

20 

C2 

48 

- 

- 

48 

C3 

493 

- 

- 

493 

C4 

6  12 

607 

- 

25 

1)1 

214 

1  79 

35 

_ 

D2 

322 

261 

13  8 

:>o 

D3 

6  18 

62  5 

10  1 

- 

04 

bb  1 

6  58 

- 

r> 

1)3 

bl  1 

61  5 

- 

- 

06 

480 

480 

-  - 

- 

I)  7  2 

8 

- 

- 

- 

1)8- 

8  3 

- 

- 

- 

K 1 

Ob 

84 

12 

_ 

K2 

206 

166 

2  3 

]  7 

K  1 

6  10 

6  30 

- 

- 

F.4 

lb  1 

163 

- 

- 

K5 

697 

697 

_ 

Kb 

697 

697 

-  _ 

_ 

K7 

242 

242 

- 

K8 

192 

192 

-  _ 

_ 

K9 

480 

451 

- 

29 

El  0 

480 

451 

- 

29 

El  1 

706 

706 

—  _ 

El  2 

680 

668 

-  _ 

12 

El  3 

640 

640 

—  . 

F.  1  4 

640 

640 

_  _ 

El  5 

615 

615 

-  _ 

_ 
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F 


Area 

Name* 


Table  1: 


Future  land  use  distribution  (2030)  (cont) 

Total  Area,  Land  Use  Distribution  Acres 

Acres _ A  B _  C  . 


1 

D 


FI 

56 

56 

- 

- 

- 

F2 

330 

330 

- 

- 

- 

F3 

371 

371 

- 

- 

- 

F4 

609 

609 

- 

- 

- 

F5 

539 

539 

- 

- 

- 

F62 

32 

- 

- 

- 

- 

G1 

1,853 

1,568 

2805 

- 

5 

HI 

121 

16A 

10 

75 

20 

H2 

821 

5516 

55 

60 

155 

H3 

418 

1  33 

58 

12 

215 

H4 

320 

136 

19 

27 

138 

H5 

320 

280 

- 

- 

40 

H6 

331 

176 

- 

- 

155 

I 

241 

1  357 

10 

1  5 

81 

J 

175 

8  5h 

- 

45 

4  5 

K 

901 

)358 

40 

361 

165 

L 

603 

106 

20 

- 

477 

M 

201 

9 

10 

5 

177 

N 

194 

154 

20 

_ 

20 

*A  =  Residential  (single-family,  except  where  noted  otherwise),  B  =  Dark  and 
Recreation  (including  open  space),  C  =  Public  and  Semi-Public,  D  =  Commerc.a 
and  Industrial. 

> 

"Land  use  is  agricultural. 

^Represents  tributary  area  downstream  of  the  diversion  structure. 

4 

Includes  5  acres  multiple-family  residential. 

''includes  10  acres  open  water. 

” Includes  70  acres  multiple-family  residential, 

includes  65  acres  multiple-family  residential. 

^Includes  40  acr  s  multiple-family  residential. 


*Are.is  labeled  on  figures  8  and  9. 
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There  are  minor  differences  in  the  land  use  information  presented  in 
figures  3  and  4  of  this  report  and  the  information  presented  in  maps  3  and 
11  of  the  Year  2000  Land  Use  Plan,  Grand  Forks,  North  Dakota  (Ref.  3) 
since  the  latter  information  was  not  received  until  after  the  submittal  of 
the  preliminary  draft  of  this  report.  The  Land  Use  Plan  was  reviewed, 
however,  and  the  differences  in  land  use  would  have  no  significant  impact 
on  the  results  of  the  study  presented  here. 

GROUNDWATER 

Grand  Forks  County,  North  Dakota,  lies  near  the  eastern  edge  of  a 
large,  complex  regional  groundwater  system  that  originates  many  miles  to 
the  west  (Ref.  4).  The  major  areas  of  recharge  for  this  system  are  in  the 
topographically  high  areas  in  the  western  part  of  the  county  and  in  regions 
farther  west.  Groundwater  flows  east  and  northeast  from  the  recharge  areas 
to  an  artesian  discharge  basin  in  the  lower,  eastern  portions  of  the  county. 

Grand  Forks  is  underlain  by  water-bearing  sand  and  gravel  at  a  depth 
of  about  200  feet  (Ref.  4).  This  stratum,  commonly  known  as  the  Grand  Forks 
aquifer,  has  an  areal  extent  of  about  20  square  miles  in  North  Dakota  with 
additional  unquantified  area  in  Minnesota.  The  aquifer  is  generally  less 
than  20  feet  thick;  its  greatest  known  thickness  is  25  feet  in  the  western 
portion  of  the  city.  Glacial  deposits  of  clay  and  till  are  interspersed 
locally  with  the  sandy  (fine-  to  medium-grained),  poorly  sorted  gravels  of 
the  Grand  Forks  aquifer. 

A  preliminary  review  of  local  groundwater  and  soils  data  indicates  that 
flooding  in  the  study  area  is  not  caused  by  high  groundwater  levels.  Ground- 
water  tables  as  high  as  3  to  5  feet  below  the  surface  have  been  reported  in 
various  locations,  but  the  location  and  fluctuation  of  these  table,  have  not 
been  documented.  However,  the  potential  for  high  groundwater  problems 
should  be  investigated  whenever  open  ditches  or  ponding  areas  are  considered 
as  part  of  the  local  drainage  system.  Clays  and  silts  at  various  depths  in 
the  Grand  Forks  area  may  cause  subsurface  water  to  accumulate  and  reduce 
the  rate  of  infiltration  or  routing  of  infiltrated  water  into  the  urban 
drainage  system.  Reduced  infiltration  and  seepage  rates  cause  higher  volumes 
of  direct  runoff,  thereby  increasing  the  potential  for  local  flood  problems. 
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topography  and  geology 

Eastern  Grand  Forks  County  and  the  city  of  Grand  Forks  are  on  the  rela¬ 
tively  flat  Lake  Agassiz  plain,  a  landform  modified  only  by  a  few  ridges  and 
scarps.  The  area  slopes  northeast  toward  the  Red  River  at  a  gradient 
generally  less  than  0.09  percent  (Ref.  4),  although  local  slopes  vary  from 
0.06  to  0.19  percent  (Ref.  5).  The  extreme  eastern  part  of  the  county, 
including  Grand  Forks,  is  very  poorly  drained,  and  numerous  intermittent 
streams  terminate  in  the  flat  lake  plain  near  the  city.  Several  ditches 
have  been  constructed  to  extend  drainage  to  the  Red  River,  but  serious 
storm  drainage  problems  still  exist.  Elevations  in  the  vicinity  of  Grand 
Forks  range  from  828  to  840  feet  above  mean  sea  level. 

Grand  Forks  County  is  underlain  by  glacial  drift,  westward-sloping 
Paleozoic  and  Mesozoic  sedimentary  rock,  and  Precambrian  igneous  and  meta- 
morphic  rock  (Ref.  6).  The  glacial  drift,  which  covers  the  bedrock  at  a 
maximum  thickness  of  455  feet,  can  be  differentiated  into  five  drift  sheets 
each  composed  of  till,  lake  clay,  silt,  sand,  and  gravel.  Relief  on  the 
bedrock  surface  is  much  greater  than  relief  on  the  glacial  surface 
topography.  The  bedrock  rises  600  feet  from  east  to  west  on  the  Pembina 
Escarpment  in  western  Grand  Forks  County  compared  to  a  rise  in  surface 
elevation  of  only  300  feet  over  the  same  area. 

CLIMATE  AND  PRECIPITATION 

Grand  Forks  has  a  dry,  subhumid  climate  with  large  temperature 
variations,  variable  precipitation,  and  severe  winters.  Weather  statistics 
from  the  U.S.  Department  of  Agriculture  indicate  a  low  temperature  of 
-43°  F  and  a  high  temperature  of  109°  F  for  the  period  1900  to  1940 
(Ref.  6).  The  mean  annual  temperature  for  the  same  period  was  39 '  F,  with 
an  average  January  temperature  of  3.7°  F  and  an  average  July  temperature 
of  69°  F.  The  average  precipitation  in  Grand  Forks  County  is  19.2  inches, 
three-fourths  of  which  falls  from  May  through  September.  The  average  annual 
snowfall  in  northeastern  North  Dakota  is  35  inches  (Ref.  7).  The  average 
annual  water  equivalent  of  the  snowfall  -  the  depth  of  water  that  would 
result  from  melting  of  the  snow  -  is  approximately  4  inches.  Because  pre¬ 
vailing  winds  are  from  the  northwest,  precipitation  in  Grand  Forks  usually 
occurs  during  local  storms  moving  east  through  the  area. 


OTHER  STUDIES  AND  PROJECTS 


Several  studies  relating  to  urban  drainage  problems  in  Grand  Forks 
have  been  completed  recently,  are  in  progress,  or  are  in  the  planning 
stage.  Each  of  these  studies  and  projects  is  summarized  below. 

The  Grand  Forks-East  Grand  Forks  Urban  Water  Resources  Study,  Plan 
of  Study  (Ref.  5)  presents  a  detailed  plan  for  studying  flood  control, 
water  supply,  and  wastewater  problems  in  Grand  Forks,  North  Dakota,  and 
East  Grand  Forks,  Minnesota.  The  Grand  Forks-East  Grand  Forks  Urban 
Water  Resources  Study,  Stage  2  Floodplain  Management  Appendix  ( Re f .  1 ) , 
the  Grand  Forks-East  Grand  Forks  Urban  Water  Resources  Study,  Stage  2 
Wastewater  Appendix  (Ref.  8),  and  the  Grand  Forks-East  Grand  Forks  Urban 
Water  Resources  Study,  Stage  2  Water  Supply  Appendix  (Ref.  9)  were  com¬ 
pleted  in  accordance  with  the  objectives  of  the  Plan  of  Study. 

The  Floodplain  Management  Appendix  (Ref.  1)  summarizes  existing 
structural  and  nonst ructural  flood  control  programs  in  Grand  Forks  and 
outlines  the  city's  basic  flood  damage  reduction  needs.  It  also  presents 
preliminary  alternatives  for  solving  the  city’s  urban  drainage  problems 
and  recommends  an  overall  drainage  plan  for  the  city.  The  Wastewater 
Appendix  (Ref.  8)  formulates  a  number  of  wastewater  management  alterna¬ 
tives  for  the  Grand  Forks-East  Grand  Forks  area  based  on  the  area's 
existing  facilities,  the  need  to  expand  or  upgrade  those  facilities,  and 
the  need  to  resolve  problems  caused  by  overflows  from  Grand  Forks'  combined 
sewers.  The  Water Supply  Appendix  (Ref.  9)  reviews  the  sources,  depend¬ 
ability,  capacity,  and  quality  of  water  supplies  in  the  Grand  Forks  area, 
projects  future  water  supply  demands,  identifies  water  supply  and  treatment 
needs,  and  identifies  alternatives  to  meet  those  needs.  Additional  waste- 
water,  water  supply,  and  flood  control  studies  are  being  conducted  as 
part  of  stage  3  of  the  Grand  Forks-East  Grand  Forks  Urban  Water  Resources 
Study  (Ref.  10),  in  accordance  with  the  conclusions  and  recommendations 
of  stage  2  studies. 
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The  Grand  Forks  Flood  Insurance  Study  (Ref.  11)  summarizes  the  flood 
hazards  in  Grand  Forks  and  presents  floodplain  boundaries  and  flood  profiles 
for  the  Red  River  and  English  Coulee  for  the  100-year  flood  on  the  Red  River. 
The  flood  insurance  study  identifies  backwater  from  the  Red  River  as  the 
primary  flood  threat  along  the  coulee  within  the  city;  however,  the  1979 
spring  flood  showed  that  flows  in  English  Coulee  caused  by  local  runoff 
from  areas  tributary  to  the  coulee  pose  an  even  greater  flood  threat. 

The  Soil  Conservation  Service  (SCS) ,  in  cooperation  with  the  city  of 
Grand  Forks,  is  considering  several  options  to  divert  runoff  from  about 
69  square  miles  tributary  to  English  Coulee  away  from  the  city.  The  options 
include  (Ref.  12): 

1)  Construction  of  an  earth  dam  approximately  5  miles  long  crossing 
English  Coulee  in  Section  12,  T  150  N,  R  52  W  of  Fairfield  Township.  The 
dam  would  create  a  pond  with  a  surface  area  of  2. 5-3.0  square  miles  for 
the  100-year  flood.  The  inundated  area  would  include  about  0.25  square 
mile  of  farmland;  the  remainder  would  be  pasture.  The  peak  discharge  from 
the  dam  into  English  Coulee  would  be  450  to  600  cfs  (cubic  feet  per  second) 
for  the  100-year  flood.  The  approximate  location  of  the  proposed  dam  is 
shown  on  figure  5. 

2)  Completion  of  the  existing  diversion  structure  in  Section  30, 

T  151  N,  R  51  W  of  Brenna  Township.  The  area  tributary  to  English  Coulee 
between  the  dam  and  the  diversion  structure  would  be  approximately  12  square 
miles.  Water  reaching  the  diversion  structure  would  be  conveyed  via  two 
separate  channels  to  Legal  Drain  18  where  it  would  be  recombined  and  routed 
to  the  Red  River  along  a  single  path.  One  channel  would  convey  runoff  from 
the  diversion  structure  north  to  the  English  Coulee  floodway  via  a  ditch  to 
be  completed  in  the  near  future,  then  northeast  via  the  floodway  to  Legal 
Drain  23,  then  east  approximately  one-half  mile  via  Legal  Drain  18.  The  other 
channel  would  convey  runoff  from  the  diversion  structure  northeast  via 
English  Coulee  to  Legal  Drain  9,  then  north  via  1  mile  of  Legal  Drain  9, 
then  north  via  2  miles  of  new  ditch  to  Legal  Drain  18.  The  runoff  from  the 
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two  channels  would  be  combined  at  Legal  Drain  18  and  would  be  routed  north¬ 
east  via  a  new  ditch  to  the  midpoint  of  the  west  section  line  of  Section 
35,  T  152  N,  R  51  W,  then  east  via  1  mile  of  new  ditch  to  Legal  Drain  11, 
then  north  via  1  1/2  miles  of  Legal  Drain  11,  and  finally  east  to  the 
Red  River  via  1  mile  of  new  ditch  and  2  1/4  miles  of  Legal  Drain  18.  The 
locations  of  new  ditches  required  under  the  SCS  plan  are  shown  on  figure  5. 

3)  Development  of  sufficient  channel  capacity  along  the  proposed 
diversion  routes  to  carry  local  runoff  and  discharges  routed  through  the 
diversion  structure.  This  would  involve  construction  of  a  bridge  on  U.S. 
Highway  2  with  a  capacity  of  approximately  800  cfs  and  improvement  of  the 
Legal  Drain  18  crossings  under  Interstate  29  and  the  Burlington  Northern 
railroad.  Substantial  channel  excavation  and  other  culvert  improvements 
would  also  be  required. 

4)  Construction  of  a  barrier  on  the  Grand  Forks  side  of  the  diversion 
route  from  Legal  Drain  18  south  approximately  2  miles  along  the  mid¬ 
section  line  of  Sections  3  and  10  to  Legal  Drain  9. 

5)  Construction  of  a  ditch  and  barrier  from  the  proximity  of  English 
Coulee  south  3  miles  along  the  west  section  line  of  Sections  22,  27,  and 
34,  T  151  N,  R  51  W,  then  east  about  11/3  miles  along  the  south  section 
line  of  Sections  34  and  35,  T  15 IN,  R51W  and  connecting  to  Legal  Drain 
4  via  an  existing  ditch. 

The  implementation  of  these  options  would  significantly  reduce  flooding 
along  the  English  Coulee  main  channel  in  Grand  Forks,  but  the  legal  aspects 
of  interbasin  water  transfer  and  inundation  of  property  must  be  thoroughly 
investigated. 
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EXISTING  DRAINAGE  SYSTEM 


Existing  drainage  patterns  in  the  study  area  are  shown  on  figure  6. 
The  drainage  system  consists  of  natural  creeks,  artificial  channels  (shown 
on  figure  2),  and  the  city  sewer  system  (shown  on  figure  7).  Only  storm 
sewers  that  discharge  into  English  Coulee  within  the  study  area  are  shown 
on  figure  6. 
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Drainage  areas  outside  but  tributary  to  the  study  area  are  shown  on 
the  tributary  watershed  map  (figure  5).  The  drainage  area  of  the  English 
Coulee  tributary  to  the  diversion  structure  was  obtained  from  the  SCS 
(Ref.  13);  all  other  watershed  boundaries  shown  in  figure  5  were  determined 
using  U.S.  Geological  Survey  topographic  maps  at  a  scale  of  1  inch  = 

2,000  feet  with  5-foot  contour  intervals. 

The  study  area  is  drained  primarily  by  two  natural  watercourses, 

English  Coulee  and  Cole  Creek.  These  streams  are  supplemented  by  artificial 
Legal  Drains  4,  9,  11,  11A,  18,  and  23  and  the  English  Coulee  floodway. 

The  major  components  of  the  existing  drainage  system  are  discussed  in  more 
detail  in  the  following  paragraphs. 

English  Coulee  Main  Channe 1 

The  English  Coulee  main  channel  is  the  primary  natural  drainage  feature 
within  the  study  area.  The  stream  flows  north  through  the  western  portion 
of  Grand  Forks  and  discharges  into  the  Red  River  just  north  of  the  city. 

The  coulee  has  a  drainage  area  of  approximately  108  square  miles  at  its 
mouth,  including  22  square  miles  tributary  to  Legal  Drain  9  and  69  square 
miles  tributary  to  the  diversion  structure. 

English  Coulee  is  7.6  miles  long  from  the  east  end  of  Legal  Drain  9 
to  the  Red  River;  its  average  bed  slope  for  this  reach  is  0.083  percent. 

The  channel's  bank-full  cross-sectional  area  varies  from  340  to  700  square 
feet  with  a  weighted  average  of  about  540  square  feet.  The  capacity  of 
the  coulee  is  limited  to  approximately  1,000  cfs  by  obstructions  and  con¬ 
strictions  along  its  route.  Obstructions  include  two  check  dams,  one  about 
600  feet  upstream  of  University  Avenue  and  the  other  about  200  feet  upstream 
of  U.S.  Highway  81.  Major  constrictions  along  the  channel  include  the 
University  Avenue,  Burlington  Northern  railroad,  and  DeMers  Avenue  bridges. 

An  analysis  of  the  1979  spring  flood  in  Grand  Forks  indicated  that  the  channel 
could  handle  a  discharge  of  1,000  cfs  without  causing  serious  flooding. 
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Legal  Drain  9 

Legal  Drain  9  is  an  improved  4. 6-mile  section  of  English  Coulee  west 
of  Grand  Forks.  The  drainage  area  of  Legal  Drain  9  downstream  of  the 
diversion  structure  is  approximately  22  square  miles  at  the  confluence  with 
the  English  Coulee  main  channel.  Approximately  6  square  miles  of  the  Legal 
Drain  9  drainage  area  are  within  the  study  boundaries.  The  drain  has  an 
average  bed  slope  of  0.075  percent,  an  average  bank-full  cross-sectional 
area  of  500  square  feet,  and  a  discharge  capacity  varying  from  1,000  cfs 
at  the  outer  study  boundary  to  1,800  cfs  in  the  vicinity  of  Interstate  29. 

Legal  Drains  18,  23,  11,  and  11A  and  the  English  Coulee  Floodway 

Legal  Drains  18  and  23  are  extensions  of  the  English  Coulee  floodway. 
Legal  Drain  23  connects  the  English  Coulee  floodway  to  Legal  Drain  18. 

Legal  Drain  18  extends  from  the  north  end  of  Legal  Drain  23  east  3.0  miles 
along  the  south  side  of  Highway  2,  then  turns  north  for  2.0  miles,  and  then 
runs  east  for  2.2  miles  to  the  Red  River  of  the  North.  Legal  Drain  11  runs 
north  from  Highway  2  about  1.0  mile  west  of  the  north-south  reach  of  Legal 
Drain  18  and  discharges  into  a  tributary  of  the  Turtle  River;  the  drain 
has  a  tributary  area  of  about  24  square  miles,  a  length  of  about  9.4  miles, 
an  average  slope  of  about  0.06  percent,  and  a  flow  capacity  of  about  190  cfs 
at  the  outlet.  Legal  Drain  11A  is  tributary  to  Legal  Drain  11. 

Legal  Drain  18  has  a  tributary  area  of  about  15  square  miles  downstream 
of  the  diversion  structure,  including  9.8  square  miles  tributary  to  the 
English  Coulee  floodway  and  Legal  Drain  23.  About  7.2  miles  long  with  an 
average  bed  slope  of  0.058  percent.  Legal  Drain  18  has  an  average  bank-full 
cross-sectional  area  varying  from  470  square  feet  just  upstream  of  the  outer 
study  boundary  to  920  square  feet  one-fourth  mile  upstream  of  the  Red  River; 
the  discharge  capacity  varies  from  1,000  to  3,000  cfs  over  this  same  reach. 
Culverts  and  bridges  along  the  drain  restrict  discharges  to  1,000  cfs  at 
Interstate  29  and  to  360  cfs  at  the  culvert  about  1  mile  downstream  of 
the  drain's  confluence  with  the  English  Coulee  floodway. 
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Cole  Creek 


Cole  Creek  enters  the  Red  River  of  the  North  about  2  miles  south  of  the 
Grand  Forks  corporate  limits.  The  Cole  Creek  watershed  has  an  area  of  approx¬ 
imately  198  square  miles,  consisting  of  its  direct  drainage  area,  the  Legal 
Drain  4  system,  and  the  Wilson  Creek  and  Elm  Coulee  watersheds.  Elm 
Coulee,  approximately  23  miles  long,  enters  Cole  Creek  about  2  miles  upstream 
of  Cole  Creek's  confluence  with  the  Red  River  of  the  North.  Wilson  Crc.k, 
about  10  miles  long,  discharges  into  the  west  end  of  Legal  Drain  4. 

Legal  Drain  4 


Legal  Drain  4  runs  east-west  in  the  southern  portion  of  the  study  area 
and  discharges  into  Cole  Creek  near  its  outlet  at  the  Red  River  of  the  North. 
The  drain  is  approximately  4.7  miles  long,  and  it  has  a  predominantly  rural 
drainage  area  of  approximately  34  square  miles,  including  the  Wilson  Creek 
watershed.  Legal  Drain  4  has  an  average  bed  slope  of  0.036  percent,  a  bank- 
full  cross-sectional  area  ranging  from  120  square  feet  approximately  1  1/3 
r tiles  upstream  of  Interstate  J:  tc  „6j  square  feet  approximately  three- 
quarter  mile  upstream  of  Cole  Creek.  The  design  discharge  capacity  varies 
from  390  cfs  upstream  of  Interstate  29  to  430  cfs  just  downstream  of  Inter¬ 
state  29  to  450  cfs  at  the  outlet. 

EXISTING  DRAINAGE  PROBLEMS 

Grand  Forks  has  three  major  drainage  problems:  (1)  local  flooding 
and  temporary  impoundment  of  runoff  because  of  inadequate  drainage  facili¬ 
ties,  (2)  overflow  of  the  city's  combined  wastewater  and  storm  sewer 
system  during  heavy  rainfalls,  and  (3)  frequent  flooding  because  of  high 
flood  stages  on  the  Red  River.  The  most  severe  conditions  usually  occur 
in  the  spring  with  a  combined  runoff  of  snowmelt  and  spring  rain.  Ice 
jams  on  the  Red  River  and  its  tributary  coulees,  creeks,  and  ditches  also 
tend  to  increase  flood  problems  during  the  spring.  The  Grand  Forks  area 
drains  naturally  from  southwest  to  northeast. 


As  shown  on  figure  5,  large  rural  areas  southwest  of  Grand  Forks 
drain  toward  the  city.  Existing  ditches  (excluding  legal  drains)  that  trans¬ 
port  runoff  from  these  areas  through  the  city  are  generally  shallow  and  their 
slopes  follow  the  natural  surface  topography.  These  facilities  are,  there¬ 
fore,  often  inadequate  for  handling  runoff  that  results  from  heavy  rainfalls, 
and  local  sheet  flow  flooding  often  occurs  during  such  storms.  Problems 
caused  by  inadequate  drainage  facilities  will  increase  as  urban  development 
continues  in  and  around  Grand  Forks. 

Sewer  backups  and  the  overflow  of  combined  sewers  cause  basement  flood¬ 
ing  in  Grand  Forks  during  spring  snowmelt  and  after  heavy  rainfalls.  A  four- 
phase  project  is  under  way  to  separate  sanitary  and  storm  sewer  systems  in 
the  city.  The  areas  covered  by  each  phase  of  the  project  are  shown  on  figure 
7,  along  with  areas  where  separation  has  been  completed  or  is  scheduled  for 
completion  in  the  near  future.  The  stage  3  wastewater  study,  currently  in 
progress,  is  evaluating  the  cost  effectiveness  of  various  solutions  to  the 
combined  sewer  overflow  problem  (Ref.  10).  The  study  will  satisfy  Step  1  of 
the  Environmental  Protection  Agency's  Construction  Grants  Program,  making 
the  city  eligible  for  Federal  assistance  on  the  sewer  separation  project. 

Backwater  from  the  Red  River  of  the  North  causes  serious  flooding  prob¬ 
lems  along  the  English  Coulee  main  channel.  Most  of  the  downtown  commercial 
area  has  experienced  severe  basement  flooding  and  some  first  floor  flooding 
during  floods  on  the  Red  River,  and  local  drainage  has  been  seriously  impaired 
by  these  flood  flows.  Because  English  Coulee  is  the  primary  drainage 
channel  in  the  study  area  and  because  it  has  special  aesthetic  value,  its 
maintenance  and  protection  are  major  concerns. 

The  1979  spring  flood  in  Grand  Forks  clearly  indicated  that  flood  prob¬ 
lems  in  the  area  are  caused  not  only  by  high  flood  stages  on  the  Red  River 
but  by  inadequate  drainage  facilities  within  the  study  area.  The  SCS  esti¬ 
mated  that  available  runoff  at  the  County  Road  5  crossing  at  the  entrance 
to  Legal  Drain  9  was  nearly  2,000  cfs  during  the  flood,  yet  the  capacity 
of  Legal  Drain  9  downstream  at  the  Interstate  29  crossing  is  only  1,000  cfs. 
As  shown  by  aerial  photographs  of  the  flood  (Ref.  14) ,  water  backed  up  and 
overtopped  Interstate  29,  creating  a  substantial  flood  hazard  in  that  area. 
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Aerial  photos  also  indicate  that  substantial  flooding  occurred  at  the  Burling¬ 
ton  Northern  railroad  crossing  on  the  English  Coulee  main  channel  (Ref.  14); 
a  l-mile  reach  of  DeMers  Avenue  was  completely  inundated  by  these  floodwaters. 
This  local  flooding  occurred  before  the  peak  flood  stage  was  reached  on  the 
Red  River,  and  the  flood  elevations  were  higher  than  the  100-vear  flood 
elevations  estimated  for  English  Coulee  in  the  Grand  Forks  Flood  Insurance 
Study  ( Re f .  11). 

High-water  marks  along  English  Coulee  obtained  by  the  Grand  Forks 
Engineering  Department  during  the  1979  spring  flood  indicate  that  a  head 
loss  of  1.23  feet  occurred  across  the  University  Avenue  Bridge  during  the 
flood  (Ref.  15).  This  information,  along  with  other  hydraulic  data  and 
aerial  photographs,  indicates  that  the  University  Avenue  Bridge  passed 
a  discharge  of  approximately  1,150  cfs  with  about  one-half  foot  of  water 
flowing  over  the  road.  High-water  marks  at  the  Burlington  Northern  rail¬ 
road  crossing  show  a  head  loss  of  2.9  feet  across  the  culvert  during  the 
flood;  this  high  head  loss  indicates  the  severity  of  the  constriction. 

Other  obstructions  along  English  Coulee,  including  small  check  dams 
built  for  aesthetic  purposes,  similarly  reduce  the  channel  capacity  and 
increase  water  surface  elevations  during  flooding. 

EXISTING  FLOOD  CONTROL  MEASURES 

The  only  permanent  flood  control  project  in  Grand  Forks  is  a  5,160- 
foot  earthen  levee  and  a  770-foot  reinforced  concrete  floodwall  along  the 
Red  River  in  the  Lincoln  Park  area.  This  flood  barrier  protects  resi¬ 
dences  and  businesses  in  the  area  from  a  36-year  frequency  flood  on  the 
Red  River  (Ref.  1).  Emergency  levees  in  place  in  Grand  Forks  consist  of 
the  1,500-foot  Central  Park  levee,  constructed  during  the  1971  flood  emer¬ 
gency,  and  the  3,450-foot  Riverside  Park  levee,  constructed  in  1971 
and  modified  in  1975.  The  Central  Park  and  Riverside  Park  levees  protect  from 
a  30-year  flood  on  the  Red  River  (Ref.  1).  As  indicated  previously,  a  sewer 
separation  project  is  under  way  in  Grand  Forks  to  ease  interior  drainage 
problems  caused  by  backups  in  the  city's  combined  storm  and  sanitary  sewer 
system  (figure  7). 
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PLAN  FORMULATION 


OBJECTIVES 

A  master  drainage  plan  should  be  adopted  and  enforced  in  Grand  Forks  to 
minimize  drainage  problems  and  flooding  within  the  city.  The  plan  should 
incorporate  current  design  standards  and  it  should  meet  the  following 
objectives  of  stormwater  management: 

•  Minimize  existing  and  future  impacts  of  storm  drainage. 

•  Provide  a  drainage  plan  with  maximum  net  economic  efficiency. 

•  Enhance  and  preserve  the  quality  of  the  environment. 

•  Stimulate  an  orderly  and  systematic  water  and  related  land  use  plan 
within  the  study  area. 

•  Develop  a  staged  drainage  plan  consistent  with  the  growth  objec¬ 
tives  of  the  study  area  and  adjacent  areas. 

DESIGN  CRITERIA 

Two  master  drainage  options  have  been  developed  for  Grand  Forks  to  meet 
the  above  objectives  and  the  particular  needs  of  the  city.  The  two  options, 
presented  in  the  section  beginning  on  page  26,  are  based  on  the  following 
design  criteria: 

1.  Design  runoff  rates  and  volumes  are  based  on  land  use  for  the  year 
2030  (table  1). 

2.  Lateral  storm  sewers  were  sized  to  convey  runoff  from  a  rainfall 
with  an  average  return  period  of  10  years  (10  percent  probability  of 
occurrence  in  any  given  year)  with  no  flooding  in  the  streets. 
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3. 


All  storage  areas,  major  trunk  sewers,  culverts,  and  legal  drains 
were  sized  to  convey  runoff  from  a  rainfall  with  an  average  return 
period  of  100  years  (1  percent  probability  of  occurrence  in  any 
given  year). 

4.  It  was  assumed  that  natural  drainage  patterns  in  undeveloped  areas 
outside  but  tributary  to  the  study  area  would  not  be  altered  by 
future  development . 

5.  It  was  assumed  that  some  combination  of  the  SCS  flood  control  options 
discussed  earlier  would  be  implemented  to  limit  discharges  entering 
the  study  area  to  the  capacities  of  existing  channels,  culverts,  and 
bridges  at  the  outer  study  boundary.  On  the  basis  of  this  assumption : 

a.  A  maximum  of  1,000  cfs  would  be  routed  through  the  English  Coulee 
main  channel  (via  Legal  Drain  9)  for  the  100-year  flood;  1,000 
cfs  is  the  discharge  capacity  of  Legal  Drain  9  at  the  outer  study 
boundary . 

b.  A  maximum  of  360  cfs  would  be  routed  through  Legal  Drain  18  for 
the  100-year  flood;  the  capacity  of  the  Knglish  Coulee  floodway 
upstream  of  its  confluence  with  Legal  Drain  18  is  approximately 
600  cfs,  but  the  capacity  of  the  culvert  on  Legal  Drain  18  about 
1  mile  downstream  of  the  confluence  is  only  360  cfs. 

c.  A  maximum  of  430  cfs  would  be  routed  through  Legal  Drain  4  for 
the  100-year  flood;  the  discharge  capacity  of  the  bridge  under 
Interstate  29  is  limited  to  430  cfs  under  existing  conditions  be¬ 
cause  of  channel  bank  elevations  immediately  upstream  of  the 
bridge. 

6.  It  was  assumed  that  the  100-vear  discharge  entering  the  Legal  Drain  9 
system  from  the  south  at  the  outer  study  boundary  (area  D7,  figure  8) 
would  be  limited  to  100  cfs.  Because  of  local  ground  slopes  and  tail- 
water  conditions  in  Legal  Drain  9,  discharges  in  excess  of  100  cfs 
will  cause  flooding  in  area  D5  (figure  8). 
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FIGURE  8 

DRAINAGE  PLAN  OPTION  A 


PR0P08ED  DRAINAGE  PATTERN: 
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Major  watershed  divides  and  subwatershed  divides  for  areas  within  and 
tribitary  to  the  study  area  were  determined  using  aerial  photos,  drainage  maps 
and  sewer  plans  obtained  from  local  and  State  agencies,  and  5-foot  contour 
interval  topographic  maps  obtained  from  the  U.S.  Geological  Survey.  A  field 
survey  was  conducted  to  define  subwatershed  boundaries  in  areas  where  avail¬ 
able  data  were  insufficient.  The  use  of  more  detailed  topographic  maps  could 
effect  minor  changes  in  the  watershed  boundaries,  but  such  changes  would  not 
significantly  affect  the  proposed  drainage  options. 

Hydraulic  data  for  the  English  Coulee  main  channel,  the  English  Coulee 
floodway,  and  Legal  Drains  4,  9,  18,  11,  and  11A  were  ol.ained  from  plans, 

profiles,  and  cross  sections  provided  by  the  SCS.  This  information  was 
supplemented  by  field  survey  data.  All  information  used  in  the  study  was 
collected  previously  and  summarized  in  the  Draft  Report,  Grand  Forks  Urban 
Drainage  Plan,  Part  1,  Stage  3  (Ref.  16). 

Runoff  discharges  and  volumes  for  waterways  within  the  study  area  were 
determined  using  the  Barr  Hydrograph  Method,  a  synthetic  hydrograph  method 
ue vo lonod  by  Barr  Engineering  Company  for  urban  drainage  analyses.  Dis¬ 
charges  determined  using  the  Barr  Method  were  checked  using  the  Rational 
Method  of  runoff  calculation.  (See  Attachment  1  for  a  discussion  of  the 
Barr  and  Rational  Methods.)  Runoff  hydrographs  for  watersheds  upstream  of 
the  outer  study  boundary  were  determined  using  the  SCS  hydrologic  model 
TR-20  in  conjunction  with  the  SCS  dimensionless  Type  I  rainfall  distribu¬ 
tion  hyetograph.  Runoff  resulting  from  both  rainfall  and  snowmelt  and  a 
combination  of  the  two  was  considered  in  determining  the  critical  storms 
for  waterways  affecting  the  study  area. 
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URBAN  DRAINAGE  MASTER  PLAN 


INTRODUCTION 


The  drainage  systems  proposed  under  each  of  the  two  plans  for  minimizing 
drainage  problems  and  flooding  in  Grand  Forks  -  Options  A  and  B  -  are  shown 
in  figures  8  and  9,  respectively.  The  options  were  developed  in  accordance 
with  the  design  criteria  presented  in  the  previous  section.  The  primary 
difference  between  the  two  options  is  that  Option  B  provides  for  the  develop¬ 
ment  of  stormwater  ponding  areas  and  Option  A  does  not.  Under  Option  B, 
peak  runoffs  in  the  study  area  will  not  increase  beyond  existing  conditions 
as  development  takes  place. 

Options  A  and  B  maximize  the  use  of  existing  drainage  systems  (figure  A) 
and  minimize  the  use  of  open  ditches.  To  divert  runoff  away  from  the  English 
Coulee  main  channel,  both  options  incorporate  a  subwatershed  drainage  pattern 
different  from  that  now  existing;  this  drainage  pattern  will  be  referred  to 
as  the  "proposed  drainage  pattern."  By  reducing  flooding  risks  in  homes, 
businesses,  roads,  and  undeveloped  areas,  Options  A  and  B  increase  the  amount 
of  usable  land  and  enhance  the  overall  quality  of  life  and  environment  in 
the  Grand  Forks  area. 

Runoff  discharges  and  volumes  corresponding  to  subwatersheds  within  the 
study  area  under  future  land  use  conditions  are  summarized  for  both  options 
in  table  2.  Discharges  and  volumes  of  runoff  for  the  proposed  drainage 
pattern  with  existing  land  use  conditions  are  presented  for  comparison. 
Because  runoff  volumes  and  discharges  can  be  computed  to  within  10-percent 
accuracy  using  the  Barr  Iiydrograph  Method,  volumes  and  discharges  in  table  2 
have  been  rounded  to  the  nearest  1  acre-foot  and  the  nearest  5  cfs, 
respectively. 

DRAINAGE  PLAN  OPTION  A 

Option  A,  shown  in  figure  8  assumes  no  storage  of  runoff  within  the 
study  area.  Instead,  the  option  is  designed  to  convey  all  runoff  from 
fully  developed  urban  areas  directly  into  storm  sewers  and  ditches  and 
finally  into  the  Red  River. 
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Option  A  requires  alteration  of  existing  drainage  patterns  to  provide 
relief  in  two  major  problem  areas  -  the  English  Coulee  main  channel  and  the 
area  south  of  32nd  Avenue  South  between  U.S.  Highway  81  and  the  Red  River. 
Specifically,  this  option  proposes  construction  of  an  open  ditch  along  47th 
Avenue  South  from  Interstate  29  to  the  Red  River  of  the  North  to  divert  water 
away  from  the  English  Coulee.  The  47th  Avenue  ditch  would  be  about  3h  miles 
long  with  a  discharge  capacity  of  570  cfs  at  the  upstream  end  (Interstate  29) 
and  a  capacity  of  1,115  cfs  at  the  outlet  (Red  River)  fur  this  option. 
Assuming  no  freeboard,  a  trapezoidal  channel  with  a  cross-sectional  area 
varying  from  170  square  feet  at  Interstate  29  to  290  square  feet  at  the 
outlet,  side  slopes  of  2  horizontal  to  1  vertical,  and  an  average  bed  slope  of 
0.075  percent  will  pass  these  design  discharges.  Three  miles  of  major  trunk 
sewers  would  feed  into  the  western  end  of  the  ditch  at  Interstate  29. 
Preliminary  sizes  for  these  trunk  sewers  are  shown  on  figure  8.  Option  A  also 
requires  the  improvement  of  existing  culverts,  bridges,  and  channels  within 
the  study  area,  particularly  along  the  English  Coulee  main  channel,  to  handle 
existing  flood  problems. 

As  shown  in  figure  8,  a  pumping  station  and  closure  structure  are 
required  at  the  outlet  of  Legal  Drain  18  and  English  Coulee.  The  closure 
structure  would  be  closed  whenever  backwater  from  the  Red  River  of  the  North 
alone  or  in  combination  with  runoff  from  the  English  Coulee  watershed 
threatened  properties  bordering  Legal  Drain  18  and  English  Coulee.  The 
pumping  station  would  prevent  discharges  in  the  legal  drain  and  coulee  from 
ponding  to  damaging  levels.  Conditions  requiring  use  of  the  pumping  station 
and  closure  structure  are  most  likely  to  occur  during  spring  snowmelt.  River 
stages  resulting  from  summer  rainfalls  are  generally  low  enough  that  the 
closure  structure  could  be  left  open  for  gravity  discharge  from  l,egal  Drain 
18  and  English  Coulee. 

The  stage  3  flood  control  study  is  evaluating  an  alternative  that  con¬ 
sists  of  a  closure  structure  and  pumping  station  near  the  mouth  of  English 
Coulee  to  prevent  backwater  flooding  from  the  Red  River  (Ref.  10).  This 
scheme  could  be  modified  to  control  the  outlet  of  Legal  Drain  18  as  well. 
However,  the  economic  feasibility  of  the  basic  plan  has  not  yet  been 
ascertained. 


On  the  basis  of  a  preliminary  analysis,  a  pumping  station  with  a  capacity 
of  about  2,000  cfs  under  a  hydraulic  head  of  approximately  5  feet  would  pass 
discharges  for  Option  A  from  English  Coulee  and  Legal  Drain  18  into  the 
Red  River  while  preventing  backwater  from  the  river  from  entering  these 
channels.  Five  acre-feet  of  reservoir  capacity  should  be  provided  upstream 
of  the  pumping  station  to  allow  staging  of  pumps. 

DRAINAGE  PLAN  OPTION  B 

Option  B,  shown  in  figure  9,  differs  from  Option  A  primarily  in  that  it 
provides  for  storage  areas  to  reduce  peak  discharges.  Peak  discharges  with 
the  proposed  drainage  pattern  of  Option  B  are  the  same  as  those  that  would 
occur  with  existing  land  use  conditions;  runoff  volumes  are  the  same  as 
those  for  Option  A  with  projected  2030  land  use  conditions.  Storage  volumes 
required  under  Option  B  represent  changes  in  runoff  resulting  from  future 
deve lopment , 

A  conceptual  plan  of  ponding  sites  for  stormwater  storage  is  shown  on 
figure  9.  The  actual  size,  shape,  and  location  of  ponds  (or  inundation 
areas)  should  be  determined  by  detailed  case-by-case  analysis  if  Option  B 
is  selected  for  implementation.  Individual  storage  areas  may  be  combined 
as  long  as  the  combined  areas  have  volumetric  capacities  equal  to  the  sum 
of  the  individual  capacities  of  the  replaced  areas.  Storage  may  be  provided 
in  several  ways,  depending  upon  the  specific  needs  of  each  planned  unit 
development  within  the  study  area.  New  pond  and  park  areas  can  be  developed 
for  recreational  and  aesthetic  use  where  natural  ponding  sites  are  available, 
or  existing  park  areas  can  be  landscaped  to  provide  the  required  storage 
volumes.  If  developable  land  is  scarce  or  expensive,  depressed  parking  lots, 
flat  building  roofs,  and  roadside  ditches  with  controlled  outlets  can  be 
used  to  retain  stormwater  runoff. 

Well-designed  stormwater  ponding  and  detention  areas  are  usually  cost 
effective  for  municipalities,  since  the  costs  of  developing  storage  areas 
can  be  deferred  to  future  developers.  Developers,  in  turn,  have  lower  costs 
(and  thus  lower  assessments)  because  of  smaller  pipes  required  for  trunk  and 
lateral  storm  sewers.  A  more  detailed  discussion  of  stormwater  storage 
practices  is  presented  in  Attachments  2  and  3. 


As  with  Option  A,  Option  B  requires  construction  of  the  A  7 1  h  Avenue 
ditch  to  divert  water  south  of  32d  Avenue  South  away  from  the  Knglish  Coulee. 

The  required  capacity  of  the  ditch  would  be  470  cfs  at  the  upstream  end 
(Interstate  29)  and  920  cfs  at  the  outlet  (Red  River)  for  this  option.  On 
the  basis  of  the  preliminary  design  for  Option  B  and  assuming  no  freeboard, 
a  trapezoidal  channel  with  a  cross-sectional  area  varying  from  145  square 
feet  at  Interstate  29  to  250  square  feet  at  the  outlet,  side  slopes  of 
2  horizontal  to  1  vertical,  and  a  bottom  slope  of  0.075  percent  will  pass 
these  design  discharges. 

As  with  Option  A,  a  closure  structure  and  a  pumping  station  are  required  at 
the  outlet  of  Legal  Drain  18  and  Knglish  Coulee  under  Option  B.  The  struc¬ 
ture  would  be  closed  whenever  backwater  from  the  Red  River,  alone  or  in  com¬ 
bination  with  runoff  from  the  Knglish  Coulee  watershed,  threatened  properties 
bordering  Legal  Drain  18  and  Knglish  Coulee.  The  pumping  station  would 
prevent  discharges  in  the  legal  drain  and  coulee  from  ponding  to  damaging 
levels.  Conditions  requiring  use  of  the  pumping  station  and  closure  struc¬ 
ture  are  most  likely  to  occur  during  spring  snowmelt.  River  stages  result¬ 
ing  from  summer  rainfalls  are  generally  low  enough  that  the  closure  structure 
could  be  left  open  for  gravity  discharge  from  Legal  Drain  18  and  English 
Coulee.  The  pumping  station  should  have  a  capacity  of  about  1,500  cfs  with 
a  hydraulic  head  of  approximately  5  feet  under  Option  B.  Five  ac.re-feet 
of  reservoir  capacity  should  be  provided  upstream  of  the  station  to  allow 
staging  of  pumps. 


As  mentioned  previously,  the  stage  3  flood  control  study  is  evaluating  an 
alternative  that  consists  of  a  closure  structure  and  pumping  station  near 
the  mouth  of  English  Coulee  to  prevent  backwater  flooding  from  the  Red  River 
(Ref.  10).  This  scheme  could  be  modified  to  control  the  outlet  of  l,ega] 

Drain  18  as  well.  The  economic  feasibility  of  the  alternative  has  not  yet 
been  ascertained,  however. 


COMPARISON  OF  ALTERNATIVES 


ECONOMIC  IMPACTS 

Preliminary  cost  estimates  for  Options  A  and  B  are  shown  in  table  3. 

As  indicated,  Option  B  is  more  cost  effective.  The  cost  estimates  must  be 
updated  upon  completion  of  the  final  design  for  the  selected  drainage  plan. 

The  unit  costs  presented  for  the  open  ditch  have  been  overestimated  by  about 
10  percent  to  allow  for  oversizing  of  the  channel  to  reduce  maintenance  costs. 

The  estimates  in  table  3  do  not  include  administrative  costs  of  the  city 
of  Grand  Forks  or  costs  associated  with  the  development  of  ponding  sites 
under  Option  B.  The  costs  of  developing  ponding  sites  can  be  deferred  to 
future  land  developers, 

ENVIRONMENTAL  IMPACTS, 

The  primary  ecv.i  •"  "ental  impacts  associated  with  constructing  and 
ooerating  an  urban  drainage  system  are  problems  of  soil  erosion,  siltation, 
water  quality  degradation,  and  the  disturbance  of  natural  resources  and 
ecological  systems.  Implementation  of  either  option  would  require  erosion 
control  measures  during  construction  to  prevent  damage  to  cut  or  fill 
slopes  and  natural  drainageways  in  potential  problem  areas.  Erosion 
control  would  also  be  required  after  construction  to  minimize  scouring  in 
natural  waterways  and  reduce  siltation  in  pipes.  Sodding  should  provide 
adequate  surface  protection  in  most  cases. 

Both  options  would  minimize  the  potential  for  environmental  impacts 
associated  with  the  construction  of  new  drainage  facilities  by  providing 
for  maximum  use  of  existing  facilities.  The  47th  Avenue  ditch,  for 
example,  could  probably  be  built  by  improving  existing  ditches  along 
47th  Avenue.  In  addition,  new  lateral  sewers  and  major  trunk  sewers  re¬ 
quired  under  the  proposed  plans  would  generally  affect  only  undeveloped 
areas  where  construction  will  not  have  a  negative  impact  on  existing 
developments.  The  major  differences  in  construction  required  for 


34 


xaoie  J  - 

r  reiiminary 

cost  estimates* 

ITEM 

Ouantitv 

OPTION  A 

Unit 

Unit  Cost 

Item 

Cos  t 

Total 

Cost 

Open 

Ditch 

3*t 

mi 

221 

718 

Open 

Ditch  Outlet  1 

ea 

12 

12 

Total  Cost  of 

47th  Avenue  Open  Ditch 

730 

RCP 

120" 

HE 

2*5 

mi 

1,963 

4,908 

RCP 

108" 

HE 

l*s 

mi 

1,752 

2,628 

RCP 

102" 

HE 

2 

mi 

1,620 

3,240 

RCP 

96" 

HE 

1 

mi 

1,488 

1,488 

RCP 

90" 

HE 

4 

mi 

1,382 

691 

RCP 

84" 

4 

mi 

1,039 

520 

RCP 

66" 

3 

mi 

770 

2,888 

RCP 

42" 

1 

mi 

495 

495 

RCP 

36" 

mi 

402 

201 

RCP 

33" 

1% 

mi 

339 

508 

RCP 

30" 

2 

mi 

270 

540 

RCP 

27" 

1*S 

mi 

207 

259 

Tota 

1  Cost  of 

Storm  Sewers 

(18  miles) 

18,366 

Pump 

Station 

2,000 

cfs 

2.6 

5,200 

Pond 

5 

AF 

4.0 

20 

Annual 

Cost 


Total  Cost  of  Special  Outlet  Structure 


5,220 


Contingencies 

Engineering 

TOTAL  FIRST  COST  OF  OPTION  A 

Annual  Capital  Recovery  Cost  at  6  2,  50  years 
Annual  Operation  &  Maintenance 


Open  Ditch 

3*t 

mi 

0.6 

2 

S.  Sewers 

18 

mi 

0.4 

7 

Sp.  Outlet 

1 

ea 

20 

20 

Total  Annual  Operation  &  Maintenance 
AVERAGE  ANNUAL  COST 


6,890 

3,445 


34,651 


2,471 


29 


2,500 


Cos t  Unit  is  $1,000 
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Table  3  -  Preliminary  cost  estimates*  (cont) 
OPTION  B 


5 

i 


ITEM 

Quantity 

Unit 

Unit 

Cost 

Item 

Cost 

Total 

Cost 

Annual 

Cost 

Open  Ditch 

3k 

mi 

196 

637 

Open  Ditch 

Outlet  1 

ea 

10 

10 

Total  Cost 

of  47th  Avenue 

Open  Ditch 

647 

RCP 

114"  HE 

1 

mi 

1,858 

1,858 

RCP 

102"  HE 

1 

mi 

1,620 

1,620 

RCP 

96"  HE 

1 

rai 

1,488 

1,488 

RCP 

90"  HE 

Ik 

mi 

1,382 

2,073 

RCP 

84"  HE 

1 

mi 

1,277 

1,277 

RCP 

90" 

ik 

mi 

1,145 

1,718 

RCP 

78" 

k 

rai 

949 

474 

RCP 

72" 

k 

rai 

860 

430 

RCP 

60" 

k 

mi 

680 

340 

RCP 

54" 

ik 

rai 

585 

731 

RCP 

42" 

l 

mi 

495 

495 

RCP 

36" 

k 

mi 

402 

201 

RCP 

33" 

k 

mi 

339 

170 

RCP 

30" 

k 

mi 

270 

135 

RCP 

27" 

ik 

mi 

207 

466 

RCP 

24" 

Ik 

mi 

144 

308 

Total  Cost  of 

Storm  Sewer 

13,784 

Pump  Station 

1,500 

cf  s 

2.6 

3,900 

Pond 

4 

AF 

4.0 

16 

Total  Cost  of  Special  Outlet  Structure  3,916 


Contingencies  20% 

Engineering  10% 

TOTAL  FIRST  COST  OF  OPTION  B 


3,186 

2,593 

26,126 


Annual  Operation  &  Maintenance 
Open  Ditch  3>k 

S.  Sewer  18 

Sp.  Outlet  1 

Total  Annual  Operation  &  Maintenance 

AVERAGE  ANNUAL  COST 

* 

Cost  unit  is  $1,000 


:  6  Zf 

50  years 

1,863 

mi 

0.6 

2 

rai 

0.4 

7 

ea 

15 

15 

24 


1.887 
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Options  A  and  B  would  be  that  larger  pipes  and  ditches  are  required  under 
Option  A,  ponding  areas  must  be  developed  only  under  Option  B,  and  a 
larger  pumping  facility  would  be  required  at  the  outlets  of  English  Coulee 
and  Legal  Drain  18  under  Option  A. 

Contaminants  such  as  fertilizers  tend  to  collect  and  concentrate  in 
storm  runoff,  contributing  to  water  quality  problems  in  storage  ponds  down¬ 
stream  of  storm  sewer  outlets.  Water  quality  concerns  are  greater  under 
Option  B,  because  Option  B  would  use  storage  basins  to  reduce  the  volume 
of  runoff  passing  through  the  study  area.  The  siting  of  ponds  under  Option  B 
should  be  done  so  as  to  enhance  ecological  systems  within  the  study  area. 

There  are  no  natural  wetland  habitats  within  affected  parts  of  the  study  area. 

SOCIAL  AND  CULTURAL  IMPACTS 

Both  options  would  enhance  the  social  and  cultural  environment  in  the 
study  area  by  providing  for  the  control  of  storm  runoff  and  the  reduction 
of  existing  flood  problems.  Option  B,  however,  would  increase  recreational 
opportunities  (fishing,  canoeing,  picnicking,  golfing,  and  hiking)  because 
of  its  requirement  for  ponds  and  inundation  areas  in  parks  and  open  spaces. 
Recreational  facilities  provided  under  Option  B  could  reduce  the  future 
shortage  of  recreational  facilities  projected  for  Lhe  Grand  Forks  area 
in  the  Grand  Forks-East  Grand  Forks  Leisure  Time  Analysis  ( Re f .  17). 

Option  B  has  another  advantage  in  that  it  would  allow  the  city  flexibility 
in  land  use  zoning  regulations  and  implementation  schedules.  Because 
peak  runoffs  from  subwatersheds  are  fixed  under  Option  B,  zoning  ordinances 
could  be  altered  as  desired  as  long  as  storage  areas  and  outlet  structures 
are  provided  to  control  drainage  from  developments. 

INSTITUTIONAL  IMPACTS 

Adoption  of  a  drainage  master  plan  in  Grand  Forks  would  require  in¬ 
stitutional  change  and  coordination  to  ensure  successful  implementation  of 
the  plan.  To  guide  future  development  and  drainage  construction  within  its 
jurisdiction,  the  city  may  adopt  a  drainage  ordinance  similar  to  the  sample 
ordinance  presented  in  Attachment  4.  Such  an  ordinance  should  be  carefully 


designed  to  meet  the  particular  flood  control  needs  of  the  city.  Coordina¬ 
tion  would  also  be  required  between  various  State  and  county  agencies  regarding 
the  city's  interests  in  watersheds  outside  the  study  area.  The  agreements 
should  govern  drainage  changes  that  could  affect  runoff  volumes,  peak  dis¬ 
charges,  and  discharge  hydrographs  within  the  study  area.  Specific  agreements 
should  also  be  drafted  to  control  the  quality  of  water  entering  Grand  Forks. 

According  to  the  Grand  Forks  City  Attorney,  neither  the  city,  the  Grand 
Forks  Drainage  Board,  nor  the  Grand  Forks  County  Water  Management  and  Control 
Board  presently  has  the  legal  authority  to  enforce  a  drainage  plan  in  the 
Grand  Forks  study  area.  One  possible  way  for  the  city  to  obtain  this 
authority  would  be  to  form  a  watershed  district  with  the  responsibility  and 
legal  authority  to  implement  drainage  schemes  and  assess  costs  to  land- 
owners,  developers,  and  municipalities  in  proportion  to  their  contribution 
to  drainage  problems  and  their  potential  benefit  from  drainage  solutions. 
Watershed  districts  traditionally  have  jurisdiction  over  whole  watersheds. 

The  Grand  Forks  County  Water  Management  and  Control  Board  could  take  on  the 
responsibilities  and  power  of  a  watershed  district  if  the  formation  of  a 
separate  body  is  not  feasible  or  desirable. 

The  development  of  ponds  or  inundation  areas  under  Option  B  would  require 
coordination  between  the  Grand  Forks  Park  Board,  developers,  planners,  and 
engineers  to  ensure  full  attainment  of  the  environmental,  social,  and  eco¬ 
nomic  benefits  of  th<  option.  The  city  of  Grand  Forks  would  have  to  provide 
sufficient  staff  and  funds  to  maintain  the  drainage  systems  proposed  under  both 
options . 

RECOMMENDED  DRALNAGK  PLAN 

It  is  recommended  that  the  city  of  Grand  Forks  implement  Option  B  using 
storage  areas,  ditches,  main  trunk  sewers,  and  lateral  sewers  as  illustrated 
in  figure  9.  Option  B  requires  that  storage  areas  be  developed  in  sub¬ 
watershed  areas  as  future  development  occurs  to  limit  runoff  discharges  to 
peaks  that  occur  under  existing  land  use  conditions.  This  option  requires 
smaller  pipes  than  would  be  required  to  pass  discharges  under  future  land 
use  conditions  with  no  ponding  (Option  A,  figure  8).  As  shown  in  table  3, 
these  size  reductions  yield  cost  savings  to  the  city;  the  costs  of  storage 
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development  under  Option  B  can  be  deferred  to  developers  at  the  time  of 
future  land  development.  Ponding  areas  provided  under  Option  B  are 
potential  aesthetic  and  recreational  resources  for  future  land  users. 

Implementation  of  a  drainage  master  plan  in  Grand  Forks  will  require 
consideration  of  restrictions  on  existing  and  proposed  drainage  systems. 
Specifically,  the  inflow  hydrographs  to  Legal  Drains  18,  9,  and  4  must 
be  controlled  on  the  basis  of  the  capacities  of  channels,  culverts,  and 
bridges  within  the  study  area.  The  inflow  hvdrograph  to  Legal  Drain  18 
must  be  limited  to  a  peak  discharge  of  360  cfs  for  the  100-year  frequency 
event  since  the  capacity  of  the  culvert  on  Legal  Drain  18  approximately 
1  mile  downstream  of  the  confluence  with  the  English  Coulee  floodway  is 
360  cfs.  The  inflow  hydrograph  entering  Legal  Drain  9  at  the  outer  study 
boundary  must  be  limited  to  a  peak  discharge  of  1,000  cfs  for  the  100-year 
frequency  event,  and  the  runoff  entering  the  Legal  Drain  9  system  from  the 
south  at  the  outer  study  boundary  must  be  limited  to  a  discharge  of  100  cfs 
for  the  same  event.  Channel  bank  elevations  limit  the  discharge  in  Legal 
Drain  4  under  the  Interstate  29  bridge  to  430  cfs  for  the  100-year  flood, 
so  any  alteration  of  drainage  patterns  upstream  of  Interstate  29  must  be 
controlled  to  minimize  peak  discharges  in  the  channel.  Water  will  overflow 
the  channel  banks  onto  the  open  fields  adjacent  to  Legal  Drain  4  at  dis¬ 
charges  greater  than  430  cfs. 

Because  Option  B  is  based  on  discharges  corresponding  to  existing  land 
use  conditions,  it  can  be  implemented  for  flood  mitigation  as  funds  become 
available.  The  primary  objective  of  the  plan  -  to  decrease  flood  levels  on 
English  Coulee  -  can  be  substantially  fulfilled  early  in  the  implementation 
phase  by  constructing  the  47th  Avenue  ditch  and  designing  and  constructing 
the  pumping  station  and  closure  structure  at  the  outlets  of  Legal  Drain  18 
and  the  English  Coulee  main  channel.  The  pumping  station  and  closure 
structure  could  initially  be  constructed  to  control  flow  only  at  the  mouth 
of  English  Coulee,  as  suggested  by  the  stage  3  flood  control  study  (Ref.  10 7 
The  facilities  could  be  expanded  to  include  the  mouth  of  Legal  Drain  18 
when  the  Legal  Drain  18  floodplain  is  sufficiently  developed  to  warrant  in¬ 
creased  flood  protection.  Existing  ditches  should  be  graded  in  the  initial 
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stages  of  implementation  to  establish  the  drainage  patterns  illustrated 
in  figure  9.  Main  trunk  sewers  and  laterals  proposed  for  Option  B  can  be 
built  as  land  development  occurs  and  the  presence  of  open  ditches  within 
the  study  area  becomes  undesirable. 

If  the  SCS  plan  to  divert  runoff  from  Legal  Drain  9  is  implemented 
(see  page  11),  the  selected  drainage  option  (A  or  B)  should  be  carefully 
analyzed  to  determine  the  impact  of  altered  drainage  patterns  on  that 
option.  The  area  tributary  to  Legal  Drain  9  and  outside  the  study 
boundary  would  be  reduced  from  85  square  miles  at  present  (69  square  miles 
tributary  to  the  diversion  structure  and  watershed  areas  D7  and  D8, 
figure  8)  to  about  8  square  miles  under  the  SCS  plan  (area  D7) .  This 
8-square-mile  watershed  would  generate  a  peak  100-year  discharge  of  about 
900  cfs. 

Under  present  conditions,  the  discharge  from  area  D7  at  the  outer  study 
boundary  is  limited  to  100  cfs  under  Options  A  and  B  because  of  local 
ground  slopes  and  tail-water  conditions  in  Legal  Drain  9.  Tail-water 
elevations  in  Legal  Drain  9  would  be  reduced  significantly  under  the  SCS 
plan,  however,  since  discharges  from  English  Coulee  and  area  D8  would  be 
conveyed  away  from  the  drain.  Implementation  of  the  SCS  plan  could,  there¬ 
fore,  eliminate  the  100-cfs  constraint  on  the  discharge  from  area  D7,  and 
the  full  900  cfs  could  be  discharged  into  Legal  Drain  9. 

Because  it  was  assumed  for  the  present  study  that  the  peak  100-year 
discharge  entering  Legal  Drain  9  at  the  outer  study  boundary  would  be 
1,000  cfs,  flow  in  Legal  Drain  9  would  be  reduced  by  100  cfs  under  the 
SCS  plan.  This  reduction  would  make  the  proposed  Options  A  a*.i  B  mor 
efficient,  but  such  a  small  reduction  would  probably  not  jo  .fly  major 
changes  in  the  options.  Before  implementation  of  the  selected  drainage 
plan,  it  may  be  desirable  to  determine  the  feasibility  and  cost  effective¬ 
ness  of  retaining  the  100-cfs  limit  on  discharges  from  area  D7  to  allow 
modification  or  elimination  of  the  47th  Avenue  ditch;  other  more  economical 
alternatives  might  also  be  developed  on  the  basis  of  the  SCS  plan. 
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Because  peak  discharges  would  enter  Legal  Drain  9  much  sooner  under 
the  SCS  plan  than  under  existing  conditions,  peak  flows  in  English 
Coulee  would  probably  reach  the  Red  River  long  before  peak  flood  stages 
were  reached  on  the  river.  Backwater  problems  along  the  coulee  would  be 
reduced  by  the  SCS  plan,  and  a  much  smaller  pumping  station  would  be  re¬ 
quired  at  the  coulee  outlet.  However,  because  flows  diverted  from 
English  Coulee  would  be  routed  through  Legal  Drain  18,  the  larger  outlet 
facility  might  still  be  required.  The  final  SCS  plan  should  be  analyzed 
to  determine  its  effect  on  the  timing  of  peak  discharges  in  Legal  Drain  18. 
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ATTACHMENT  1:  TECHNICAL  APPENDIX 


PRINCIPLES  OF  URBAN  DRAINAGE 

The  two  primary  considerations  in  the  design  of  urban  drainage  systems 
are  the  rate  and  volume  of  storm  runoff  available  for  transport  through  a 
system.  The  rate  of  runoff  is  the  determining  factor  in  the  design  of  storm 
sewers,  and  runoff  volumes  are  critical  in  the  design  of  storage  basins.  For 
a  given  period  of  time,  runoff  rates  and  volumes  depend  directly  upon  the 
intensity  of  rainfall  and  physical  characteristics  of  a  watershed  such  as  the 
extent  and  location  of  impervious  areas  and  depression  storage  areas,  the 
infiltration  capacity  of  topsoil  and  underlying  strata,  the  extent  and  type  of 
vegetative  cover,  topograj^y ,  basin  shape, and  overland  flow  distances. 

Rainfall  intensity  for  a  storm  can  be  expressed  graphically  using  the 
hyetograph,  a  plot  of  precipitation  intensity  versus  time.  The  volume  of 
rainfall  and  the  rate  at  which  it  becomes  available  for  surface  runoff  are 
determined  by  subtracting  from  the  hyetograph  water  which  infiltrates  into 
the  soil,  is  held  in  depression  storage.or  is  intercepted  by  vegetation  at  the 
initial  time  of  precipitation.  Figure  A-l  shows  a  typical  hyetograph  for  a  1- 
hour  rainfall  with  an  average  return  period  of  5  years.  Infiltration, 
depression  storage,  and  interception  losses  typical  of  a  residential,  turfed 
area  (expressed  as  a  function  of  time)  are  superimposed  on  this  hyetograph. 
As  shown,  the  rate  at  which  precipitation  becomes  available  for  surface  runoff 
at  a  given  time  is  equal  to  the  ordinate  of  the  hyetograph  minus  the  ordinate 
of  the  accumulated  losses.  Similarly,  the  volume  of  precipitation  available 
for  runoff  is  equal  to  the  difference  between  the  area  under  the  hyetograph 
and  the  area  under  the  curve  of  the  accumulated  losses  from  the  start  of  the 
storm  up  to  any  given  time. 

After  initial  losses  have  occurred,  runoff  flows  overland  toward  a  pri¬ 
mary  collection  system  such  as  a  swale,  alley. or  street  gutter.  The  depth  and 
velocity  of  overland  flow,  the  slope  of  the  land  surface  from  the  point  of 
precipitation,  and  the  extent  of  intermediate  losses  determine  the  rate  at 
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which  runoff  enters  the  primary  collection  system.  The  volume  of  surface 
runoff  reaching  this  system  is  determined  by  subtracting  total  losses  from  the 
complete  rainfall  hyetograph.  Total  losses  include  initial  infiltration, 
depression  storage, and  interception  losses  that  occur  at  the  time  of  precipi¬ 
tation,  and  similar  intermediate  losses  which  occur  between  the  point  of  pre¬ 
cipitation  and  the  primary  collection  system.  Because  of  intermediate 
losses,  surface  runoff  enters  the  primary  collection  system  at  a  rate  less 
than  the  maximum  rate  at  which  rainfall  becomes  available  for  runoff. 

Two  methods  for  determining  surface  runoff  and  discharges  in  urban 
watersheds  -  the  Barr  Hydrograph  Method  developed  by  Barr  Engineering  Company 
and  the  more  commonly  used  Rational  Method  -  are  described  briefly  in  the  next 
two  sections.  The  discussions  are  followed  by  a  summary  of  the  advantages  and 
disadvantages  of  each  method. 

BARR  HYDROGRAPH  METHOD 

The  Barr  Hydrograph  Method  was  developed  by  Barr  Engineering  Company  in 
the  1950's  for  the  analysis  of  urban  runoff.  Computerized  in  19b9,  it  has  been 
used  to  determine  stormwater  discharges  and  volumes  for  a  wide  variety  of 
projects.  The  basic  theory  of  the  method  is  to  determine  numerical  values  for 
the  hydrological  factors  that  affect  peak  discharges  and  storm  runoff  vol¬ 
umes  . 


The  first  step  of  the  Barr  Hydrograph  Method  is  to  determine  the  amount 
and  intensity  of  rainfall  for  the  selected  design  storm.  The  amount  of 
rainfall  in  inches  can  be  obtained  from  Technical  Paper  No.  AO  (TP-AO),  a 
publication  of  the  National  Weather  Service.  A  synthetic  hyetograph 
showing  rainfall  intensity  is  then  developed  using  TP-AO  data  and  information 
obtained  from  a  paper  entitled,  "Relation  of  Hourly  Mean  Rainfall  to  Actual 
Intensities"  (Civil  Engineering,  May  19A0).  The  hyetograph  shape  is  similar 
to  the  storm  pattern  illustrated  in  a  paper  entitled  "Synthetic  Storm  Pattern 
for  Drainage  Design"  (C.  J.  Keifer  and  H.  H.  Chu,  Proceedings  of  the  American 
Society  of  Civil  Engineers,  August  1957). 


Once  a  hyetograph  is  developed,  numerical  values  are  assigned  to  the 
major  losses  -  infiltration,  depression  storage,  and  interception  losses  - 
that  occur  when  precipitation  reaches  the  ground.  Interception  losses  are 
estimated  using  information  such  as  that  provided  in  Hydrology  for  Engineers 
(Linsley,  Kohler,  and  Paulhus,  1949)  and  in  ASCE  Manual  37  (American  Society 
of  Civil  Engineers,  1969).  Infiltration  losses  for  the  Barr  Hydrograph  Method 
are  determined  using  the  Technical  Manual  of  Engineering  Practice  No.  28 
(American  Society  of  Civil  Engineers,  1949).  As  outlined  in  this  manual,  a 
standard  infiltration  curve  is  selected  on  the  basis  of  soil  types,  antecedent 
moisture  conditions,  surface  treatment,  and  ground  cover.  The  curve  is 
adjusted  to  account  for  antecedent  precipitation.  The  amount  of  water  held  in 
depression  storage  depends  on  the  slope  and  grading  of  the  watershed 
Infiltration,  interception, and  depression  storage  losses  are  deducted  from 
the  rainfall  hyetograph  to  determine  runoff  for  points  within  the  watershed. 

Point  runoff  is  converted  to  area  runoff  in  the  Barr  Hydrograph  Method 
using  principles  of  overland  flow  routing  outlined  in  a  paper  entitled  "Sur¬ 
face  Runoff  Determination  from  Rainfall  Without  Using  Coefficients"  (W.  W. 
Horner  and  S.  W.  Jens,  Transactions  of  the  American  Society  of  Civil  Engi¬ 
neers,  Volume  107).  Synthetic  unit  hydrographs  are  developed  for  turfed  and 
impervious  areas  for  different  slopes  and  overland  flow  lengths,  and  the 
percentage  of  each  watershed  corresponding  to  each  of  the  various  slope  and 
flow  length  conditions  is  determined.  Composite  hvdrographs  of  runoff  are 
then  calculated  at  collection  points. 


In  the  final  step  of  the  Barr  Hydrograph  Method,  discharges  are  routed 
through  the  collection  system  of  backyard  swales,  street  gutters,  and  storm 
sewers.  The  channel  routing  method  used  is  outlined  in  Technical  Manual  of 
Engineering  Practice  No.  28  (American  Society  of  Civil  Engineers,  1949). 
Discharges  from  various  subwatersheds  are  combined  in  the  channel  routing 
process,  with  consideration  given  to  travel  time  and  channel  storage.  The 
hydrograph  obtained  at  the  outlet  of  the  drainage  system  using  this  method 
gives  both  the  peak  discharge  and  the  total  volume  of  runoff  reaching  the 


RATIONAL  METHOD 


The  Rational  Method  is  the  most  widely  used  method  for  determining  peak 
runoff  discharges  used  to  design  storm  sewer  systems.  The  method  is  effective 
if  it  is  applied  correctly.  The  basic  formula  for  the  Rational  Method  is 
Q  =  CIA,  where  Q  =  peak  rate  of  runoff,  C  =  runoff  coefficient,  I  =  average 
intensity  of  rainfall,  and  A  =  area  of  the  tributary  watershed.  This  formula 
assumes  that  the  peak  runoff  rate  is  directly  proportional  to  the  average 
rainfall  intensity  for  a  period  equal  to  the  time  of  concentration  for  the 
watershed . 

The  average  rainfall  intensity  (I)  depends  on  the  time  of  con¬ 
centration  (Tc),  the  time  it  takes  for  water  to  travel  from  the  most  remote 
point  of  a  watershed  to  the  outlet  of  the  watershed.  The  time  includes 
overland  flow  time  and  flow  time  in  established  drainage  systems  such  as 
swales,  street  gutters,  storm  sewers,  and  ditches.  Once  the  time  of  concentra¬ 
tion  is  known,  the  average  rainfall  intensity  can  be  obtained  from  published 
rainfall  intensity-duration-frequency  curves.  If  published  curves  are  not 
available  for  the  study  area,  curves  can  be  developed  using  the  National  Weather 
Service’s  Technical  Paper  No.  40. 

A  problem  with  the  Rational  Method  is  the  difficulty  of  determining  the 
value  of  C,  the  runoff  coefficient.  The  coefficient  represents  a  number  of 
variables  including  depression  storage,  interception  and  infiltration  losses, 
ground  slope,  ground  cover,  surface  treatment,  channel  storage,  antecedent 
precipitation,  soil  moisture  conditions,  watershed  shape,  and  overland  flow 
velocity.  The  variable  A  (drainage  area)  in  the  Rational  Method  formula  can 
be  determined  by  field  survey  or  by  using  topographic  maps.  Generally 
accepted  design  practices  limit  the  use  of  the  Rational  Method  to  watersheds 
smaller  than  5  square  miles.  Because  the  method  does  not  provide  information 
on  total  volumes  of  runoff,  it  is  not  particularly  useful  for  studies 
requiring  the  design  of  stormwater  storage  basins. 

COMPARISON  OF  THE  BARR  HYDROGRAPH  METHOD  AND  THE  RATIONAL  METHOD 

Knowledge  of  storm  runoff  volume  is  essential  in  areas  where  storage  can 
be  used  to  reduce  the  size  of  the  storm  sewer.  The  Barr  Hydrograph  Method  is, 
therefore,  preferable  over  the  Rational  Method  because  it  gives  both  the  peak 


discharge  and  the  total  volume  of  runoff  reaching  a  point  of  consideration; 
the  Rational  Method  gives  only  the  peak  discharge.  Attempts  have  been  made  to 
use  the  Rational  Method  to  detemine  storm  runoff  volumes,  but  such  attempts 
represent  a  misuse  of  this  method.  A  second  disadvantage  of  the  Rational 
Method  is  that  it  considers  only  the  part  of  the  storm  equal  to  the  time  of 
concentration  while  the  total  storm  is  considered  in  the  Barr  Hydrograph 
Method.  In  addition,  it  is  necessary  to  investigate  storms  of  various 
durations  to  properly  size  storage  sites,  a  task  easily  done  using  the  Barr 
Hydrograph  Method  but  one  not  possible  with  the  Rational  Method. 

The  Barr  Hydrograph  Method  and  the  Rational  Method  yield  similar  peak 
discharges  when  both  methods  are  correctly  applied  to  the  same  watershed.  The 
Rational  Method  has  a  distinct  advantage  in  terms  of  time  required  for  compu¬ 
tation,  but  the  computation  time  for  the  Barr  Hydrograph  Method  has  been 
greatly  reduced  by  computer  application.  The  Rational  Method  is  a  simple  and 
often  used  method  of  storm  sewer  design,  but  it  requires  an  engineer  with 
considerable  experience  and  knowledge  of  hydrology  to  use  it  properly. 
Because  the  Barr  Hydrograph  Method  requires  an  engineer  to  consider  hydrolog¬ 
ical  factors  separately,  the  effects  of  small  changes  in  variables  are  greatly 
reduced.  The  two  major  problems  with  the  Rational  Method  are  the  selection  of 
an  accurate  runoff  coefficient  (C)  and  the  determination  of  the  time  of 
concentration  (Tc). 

RAINFALL  FREQUENCY 

Technical  Paper  No.  40,  a  publication  of  the  National  Weather  Service,  pre¬ 
sents  isopluvial  lines  of  rainfall  for  the  United  States  for  storms  of  various 
durations  and  frequencies.  The  lines  are  developed  from  a  statistical  compil¬ 
ation  of  rainfall  records. 

STORMWATER  STORAGE 


The  size  and  cost  of  pipes  required  for  a  storm  sewer  system  depend  upon 
the  amount  of  land  available  to  store  stormwater.  Because  storm  runoff  comes 
in  short  bursts,  the  full  capacity  of  storm  sewers  and  channels  is  used  for 
only  a  short  time.  If  water  from  short  bursts  of  runoff  is  collected  in 
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storage  basins  and  released  over  a  longer  period  of  time,  smaller  storm 
sewers,  smaller  channel  sections,  and  smaller  highway  crossings  downstream  of 
storage  areas  can  be  used.  The  use  of  storage  basins  can  substantially  reduce 
the  cost  of  drainage  facilities  if  adequate  storage  volume  can  be  secured  and 
maintained.  Because  storage  basins,  like  storm  sewers,  are  used  infrequently 
and  for  short  periods  of  time,  they  can  be  designed  as  multipurpose  facilities 
to  serve  other  community  purposes  besides  stormwater  storage. 

Storage  basins  are  generally  classified  as  "permanent  ponds"  or  "inunda¬ 
tion  areas."  Permanent  ponds  should  be  designed  to  serve  secondary  purposes 
for  recreation  or  wildlife.  A  pond  designed  as  a  recreational  area  should  be 
a  minimum  of  4  feet  deep  at  normal  water  level  to  control  emergent  vegetation. 
Such  a  pond  should  also  be  designed  to  have  a  small  water  level  fluctuati  >n 
during  periods  of  high  runoff.  Small  fluctuations  permit  construction  of 
roads  and  buildings  close  to  the  water  and  simplify  the  design  of  storm 
drainage  facilities  discharging  into  the  pond.  Large  fluctuations  in  a  pond's 
water  level  during  the  passing  of  a  flood  limit  the  possibility  for  improve¬ 
ments  around  the  pond,  thus  decreasing  the  pond's  value  to  the  community. 

Because  inundation  (temporary  storage)  basins  generally  have  storm 
sewers  passing  under  them  to  carry  water  from  small  storms,  ponding  does  not 
occur  during  small  storms.  During  larger  frequency  events,  however,  water  is 
released  from  the  basins  at  a  rate  slower  than  that  at  which  it  enters, 
causing  water  to  collect  in  the  inundation  areas.  The  water  is  stc  ed  for  a 
short  period  before  being  removed  by  the  outlet  pipe.  Inundation  basins 
should  be  designed  to  permit  ponding  only  once  or  twice  a  year  so  they  can 
also  be  used  as  parks  or  playground  areas  or  left  as  open  space.  The  con¬ 
struction  of  improvements  below  the  anticipated  flood  level  of  a  basin  should 
be  limited,  and  enough  basin  storage  should  be  provided  to  prevent  damage  to 
surrounding  structures. 

Inundation  basins  should  be  used  in  a  drainage  system  only  when  they  can 
be  properly  located  to  serve  as  public  facilities.  The  basins  require  con¬ 
siderable  maintenance  such  as  grass  cutting  and  general  cleanup,  so  normal 
use  of  the  basin  should  justify  this  maintenance.  Permanent  pond  storage 
basins  require  less  municipal  maintenance  than  do  inundation  basins  since 
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private  property  can  be  extended  to  the  edges  of  the  ponds.  Private  land- 
owners  maintain  the  banks  of  permanent  ponds  in  exchange  for  enjoying  the 
recreational  and  aesthetic  benefits  of  the  pond.  A  permanent  pond  can  be 
incorporated  into  a  park  or  other  public  facility  if  its  public  value  warrants 
such  an  act,  thereby  returning  the  maintenance  respons i bi 1 i t v  for  the  pond  to 
a  city  government.  Lands  used  for  inundation  or  permanent  ponds  must  be 
controlled  by  the  city  to  ensure  maintenance  of  the  storage  facilities.  Ordi¬ 
narily,  this  means  that  the  city  must  obtain  ownership  of  the  lands  or  flowage 
easements  on  the  lands. 


I, 


ATTACHMENT  2:  STORMWATER  STORAGE  PRACTICES 


EXISTING  STORMWATER  STORAGE  PRACTICES 

As  indicated  in  Attachment  1,  the  size  and  cost  of  storm  sewer  systems  can 
often  be  reduced  by  using  temporary  storage  areas.  Storm  sewer  systems  are, 
therefore,  often  designed  for  carrying  low  flows  with  provisions  for  storing 
excess  flows  in  marshes,  low  areas,  or  ponds.  Many  natural  stormwater 
collection  and  detention  areas  exist  on  rural  and  undeveloped  lands,  but 
artificial  ponds  and  inundation  areas  are  often  required  where  urban  develop¬ 
ment  has  taken  place.  Some  communities  develop  permanent  detention  ponds  to 
concentrate  needed  storage  volume  within  a  minimum  area.  This  approach  mini¬ 
mizes  the  size  of  the  flood-prone  area,  maximizes  the  area  available  for 
development,  reduces  the  amount  of  land  lost  from  tax  rolls,  and  provides 
ponds  in  a  neighborhood  setting. 

Another  type  of  detention  basin,  the  landlocked  surface  depression,  can 
be  used  in  addition  to  the  inundation  ponds  and  the  permanent  ponds  discussed 
in  Appendix  1.  Water  is  lost  from  landlocked  basins  only  by  seepage  and 
evaporation,  unless  outlets  are  provided  to  control  high  water  levels. 
According  to  standard  engineering  procedures,  stormwater  storage  systems  are 
usually  designed  to  accommodate  a  100-year  frequency  flood  without  causing 
damage  to  occupied  buildings. 

FUTURE  STORMWATER  STORAGE  PRACTICES 

As  development  increases  throughout  a  watershed,  additional  surface 
water  storage  systems  are  needed  to  cope  with  increases  in  the  volume  and  rate 
of  surface  runoff.  Options,  other  than  storage  ponds,  that  can  be  used  to 
control  rurnff  include  expansion  of  inundated  land  and  recreational  areas, 
increased  rooftop  storage, and  the  use  of  the  valve-controlled  holding  ponds  in 
high  density  areas. 

The  inundation  of  recreational  open-space  areas  has  several  advantages 
in  that  areas  around  the  ponds  can  be  ndscaped  to  provide  an  environment 


1 


t 


i 


with  potential  for  recreational  use  and  development  as  a  wildlife  habitat.  In 
addition,  water  quality  problems  associated  with  inundation  areas  are  usually 
less  than  those  associated  with  more  permanent  ponds.  Inundation  of  recrea¬ 
tional  areas  such  as  athletic  fields,  picnic  areas,  and  similar  open-space 
areas  would  not  substantially  interfere  with  the  intended  use  of  these  areas 
if  inundation  occurred  only  several  times  in  a  100-year  period.  Care  must  be 
taken,  however,  to  design  recreational  areas  to  protect  the  turf  from  erosion. 

Several  conceptual  designs  for  low  velocity  inundation  systems  are  shown  in 
figures  2-1,  2-2,  and  2-3.  Marshes  and  bogs  could  be  used  to  provide  tempo¬ 
rary  flood  control  storage  without  impairing  wildlife  habitat  or  the  aesthe¬ 
tic  value  of  the  areas. 

The  use  of  flat  roofs  to  provide  some  rooftop  storage  should  pose  no 
structural  problems  for  building  design.  Building  codes  generally  require 
that  flat  roofs  be  capable  of  supporting  at  least  40  psf,  a  load  equal  to  a 
water  depth  of  over  7  inches.  By  installing  restrictive  outlets  on  roof 
drains,  several  inches  of  water  can  be  temporarily  stored  on  rooftops  to 

decrease  runoff  rates.  The  structural  safety  can  be  maintained  by  providing  I 
free  drain  overflows  for  water  depths  exceeding  the  design  storage  depth. 

Designs  should  provide  for  a  maximum  detention  time  of  1  or  2  days  to  protect 
against  leakage.  Maintenance  checks  would  be  required  to  prevent  clogging  of 
the  restricted  drain  inlet,  but  this  inspection  could  be  incorporated  into  the 
normal  maintenance  routine  for  a  building. 

Valve-controlled  holding  ponds  provide  flexible  detention  times  and,  as 
shown  by  experimental  ponds  in  the  Bassett  Creek  watershed  near  Minneapolis, 

Minnesota,  they  show  promise  in  controlling  water  quality  as  well.  Capital 
expense  and  operating  attention  are  the  two  primary  disadvantages  of  valve- 
controlled  outlet  detention  ponds.  Such  systems  could  be  feasible,  however, 
for  high  density  developments  -  large  apartment  complexes,  office  develop¬ 
ments,  and  commercial  or  industrial  centers  -  where  the  increased  pollutant 
loading  in  stormwater  runoff  makes  flood  control  and  water  quality  improve¬ 
ment  necessary.  The  capital  expenditures  on  such  projects  probably  would  be 
minor  compared  to  the  total  investment  in  the  development,  and  regular  main¬ 
tenance  personnel  would  be  available  to  perform  valve  adjustments  and  system 
inspections . 


SECTION  A-A 

FIGURE  2-1 

TYPE  I  INUNDATION  AREA 

Stormwater  backs  up  into  the  inundation  area  during  periods  of  high  flow 
and  drains  back  into  the  storm  sewer  system  when  flows  through  the  system 
are  reduced. 


FIGURE  2-2 

TYPE  n  INUNDATION  AREA 


Stormwater  backs  up  and  inundates  the  area  behind  the  outlet  during  periods 
of  high  flow;  the  inundation  area  is  gradually  drained  and  stream  flow  returns 
to  normal  as  flows  are  reduced. 


INUNDATION  AREA 


\ 
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FIGURE  2-3 

TYPE  III  INUNDATION  AREA 

Stormwater  backs  up  behind  the  restricted  outlet  to  increase  the  pond  elevation 
during  periods  of  high  flow.  The  pond  drains  gradually  to  the  outlet  elevation 
as  flows  are  reduced. 


ATTACHMENT  3:  MANAGEMENT  OF  RETENTION  BASIN  WATER  QUALITY 


INTRODUCTION 

Runoff  contaminants  collect  and  concentrate  in  stormwater  storage 
facilities,  creating  a  sensitive  trade-off  situation  whereby  the  contaminant 
loading  of  lakes  and  streams  downstream  of  the  storage  facilities  is  mini¬ 
mized,  but  the  ponds  themselves  experience  a  decrease  in  water  quality.  Silt 
accumulation,  entrapment  of  a  variety  of  contaminants,  algal  blooms,  and  an 
increase  in  the  production  of  aquatic  vegetation  all  contribute  to  poor  water 
quality  in  runoff  control  ponds.  If  decreased  water  quality  in  ponds  near 
residential  and  commercial  establishments  is  not  an  acceptable  trade-off  for 
lake  or  stream  improvements  downstream,  engineering  and  maintenance  efforts 
may  be  required  to  control  water  quality  in  the  storage  ponds. 

Several  water  quality  management  techniques  have  been  developed  to  treat 
stormwater  storage  ponds;  no  single  strategy  is  applicable  to  every  treatment 
facility.  Inflow  treatment  to  partially  remove  runoff  contaminants  might  be 
feasible  at  one  site,  for  example,  but  problems  associated  with  drainage 
layout,  pond  sizing, or  other  variables  might  preclude  the  use  of  this  tech¬ 
nique  at  another  site.  Decisions  on  management  techniques  should  be  site- 
specific,  therefore,  and  they  should  be  based  upon  the  results  of  sound 
engineering,  aesthetic, and  economic  analyses  of  possible  sites.  The  two  major 
types  of  water  quality  management  techniques  -  inflow  treatment  and  in-pond 
treatment  -  are  discussed  in  the  remaining  paragraphs  of  this  attachment. 


INFLOW  TREATMENT  SYSTEM 

Inflow  treatment  systems  are  based  upon  the  principle  of  curtailing 
contaminant  inputs  -  treating  inflows  before  they  are  discharged  into  a  pond. 
The  curtailment  of  contaminant  inputs  is  essential  for  effective  long-term 
restoration  of  natural  waters.  A  pond  is  a  reflection  of  its  watershed,  and  a 
restored  pond  will  eventually  return  to  a  condition  of  poor  water  quality  if 
contaminant  inflows  are  not  reduced.  When  control  of  contaminant  inputs  is 


the  only  restoration  technique  employed,  the  rate  and  amount  of  pond  improve¬ 
ment  will  depend  on  the  quantity  of  contaminants  remaining  in  the  inflow  and 
the  exchange  of  nutrients  or  contaminants  between  the  pond  water  and  pond's 
bottom  sediments.  Improvements  will  be  accelerated  in  ponds  with  shorter 
resident  times  (i.e.,  bodies  which  are  being  flushed  more  rapidly  with  higher 
quality  water).  Improvements  will  also  occur  more  rapidly  in  deeper  bodies 
where  the  transfer  of  materials  from  bottom  sediments  to  water  near  the 
surface  is  inhibited  by  stratification  and  the  absence  of  wind  mixing.  The 
recovery  rate  for  shallow  bodies  will  depend  on  the  rate  at  which  materials 
are  internally  recycled  from  the  bottom  sediments. 

Removing  contaminants  from  stormwater  inflows  to  the  degree  necessary  to 
restore  a  pond  to  high  water  quality  can  be  an  expensive  and  sophisticated 
operation  involving  solids  disposal  problems.  Because  of  the  "shock"  nature 
of  storm  runoff  (i.e.,  large,  short-term  runoffs),  the  large  basins  required 
for  treatment  are  often  used  only  on  an  intermi ttent  basis.  As  an  alternative 
to  thorough  treatment  operations,  partial  treatment  may  be  obtained  using 
inflow  sedimentation  basins  to  remove  settleable  solids  and  other  con¬ 
taminants.  The  latter  approach  may  have  little  or  no  effect  on  total 
phosphorus  concentrations  in  runoff,  however. 

Although  current  flood  control  designs  generally  consider  storms  with  an 
average  return  frequency  of  100  years,  water  qual ity  management  systems  can  be 
designed  for  less  extreme  but  more  frequent  runoff  events.  The  treatment  of 
peak  flow  rates  for  runoff  events  with  return  frequencies  of  5  years  or  less 
will  provide  water  quality  control  with  a  comfortable  margin  of  safety  in  most 
cases,  since  biochemical  systems  in  natural  waters  tend  to  follow  annual 
cycles.  Treatment  of  greater  flow  rates  is  generally  neither  economically  nor 
physically  feasible.  Systems  can  be  designed  so  that  runoffs  exceeding  the  5- 
year  frequency  event  bypass  inflow  treatment  devices  and  discharge  directly 
into  stormwater  storage  areas. 

Inflow  treatment  at  a  storm  sewer  outlet  to  a  flood  control  pond  should 
focus  on  material  removal  and  treatment  with  minimum  intrusion  into  the  pond. 
The  aesthetic  value  of  storage  ponds  and  limitations  on  space  available  for 
the  treatment  facilities  will  be  design  considerations .  Simple  structures 
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capable  of  removing  bulky  solids,  grit,  and  floating  materials  are  considered 
to  be  the  most  practical  inflow  treatment  systems. 

SOURCE  TREATMENT  SYSTEMS 


Source  treatment  systems  are  based  upon  the  principle  of  removing  solids 
and  stormwater  contaminants  at  their  source  before  they  are  picked  up  by  storm 
runoff.  General  community  cleanup  is  a  major  type  of  source  treatment 

according  to  this  definition,  and  Minneapolis  and  other  cities  have  learned 
that  one  of  the  most  valuable  approaches  to  general  community  cleanliness  is 
regular  street  sweeping.  Street  sweeping  improves  the  quality  of  both  the 
terrestrial  and  the  aquatic  environments,  and  the  cost  of  the  procedure  is 
usually  less  than  the  cost  of  inflow  treatment  systems. 

Research  shows  that  conventional  mechanical  sweepers  remove  only  about 
50  percent  of  street  surface  contamination  and  about  20  percent  of  total 
phosphorus  under  optimal  conditions.  Because  of  recent  technical  advances  in 

sweeping  machinery,  however,  new  designs  may  be  more  successful  in  removing  I 

fine  particles  on  street  surfaces.  These  newer  machines  have  a  greater 
capital  cost  than  do  conventional  mechanical  sweepers  (about  $40,000  vs. 

$20,000),  but  they  appear  to  have  much  lower  operating  and  maintenance  costs 
and  greater  versatility.  Available  data  indicate  that  once-a-week  sweeping 
is  likely  to  be  effective  for  most  cities,  although  any  increase  in  sweeping 
frequency  will  help. 

Citizen  participation  can  also  be  enlisted  t  >  eliminate  nutrients  and 
contaminants  at  their  source.  Phosphorus  and  other  contaminants  are  intro¬ 
duced  into  storm  runoff  by  home  car  washing,  for  example.  A  study  of 
Minneapolis  lakes  suggests  that  positive  results  can  be  achieved  by  having 
residents  refrain  from  placing  leaves  and  other  debris  in  street  gutters. 

Yard  rubbish  could  be  collected  periodically  by  city  crews  in  a  manner  similar 
to,  but  less  frequently  than,  garbage  collection  (monthly,  for  example). 

Individual  and  community  composting  programs,  such  as  Hennepin  County's  leaf 
recycling  program,  may  also  help  to  reduce  nutrient  runoff  from  lawn 
maintenance. 


In  a  Minneapolis  lake  study,  it  was  also  found  that  annual  phosphorus 
fertilizing  is  often  unnecessary  since  sufficient  phosphorus  is  already 
available  in  most  residential  lawn  soils.  Low-phosphorus  fertilizers  could 
be  used  to  reduce  nutrient  concentrations  in  runoff  from  residential  lots, 
or  the  loss  of  nutrients  might  be  reduced  by  using  organic  fertilizers 
which  provide  an  adsorbent  matrix.  The  usefulness  of  the  latter  technique 
has  not  yet  been  determined. 

EFFECTS  OF  WINTER  ICE  CONTROL  EFFORTS 

The  effect  of  sodium  chloride  (street  salt)  on  lakes  has  been  investi¬ 
gated  in  recent  years,  but  uncertainties  remain  about  the  importance  of  this 
effect.  Elevated  sodium  and  chloride  concentrat ions  resulting  from  street 
salting  for  ice  control  have  been  found  in  snowmelt  runoff,  however.  The 
concentrations  at  which  sodium  or  chloride  become  toxic  to  plants  and  animals 
are  influenced  by  concentrations  of  other  materials  and  the  sensitivity  of 
local  plants  and  animals.  High  salt  concentrations  in  runoff  may  cause  leaf 
burn,  defoliation,  and  plant  death.  Research  also  shows  that  many  blue-green 
algal  species  favor  or  require  high  concentrations  of  various  salts,  putting 
other  algae  at  a  competitive  disadvantage.  The  latter  point  is  important, 
since  blue-green  algae  are  frequently  responsible  for  the  most  noxious 
effects  of  eutrophication.  Other  studies  show  that  sodium  concentrations  can 
result  from  the  breakdown  of  agglomerated  silt  and  clay  into  more  finely 
divided  soils  that  settle  more  slowly.  A  1974  study  of  lakes  in  the 
Minneapolis-St .  Paul  metropolitan  area  indicated  that  the  clearest  lakes  had 
the  lowest  concentrations  of  chloride  and  the  most  turbid  lakes  had  the  highest 
concentrations  of  chlorides. 
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ATTACHMENT  4:  SAMPLE  DRAINAGE  ORDINANCE 
CITY  OF  _  ORDINANCE  NO.  _ 

An  ordinance  to  implement  an  overall  urban  drainage  master  plan;  to 
establish  an  Urban  Drainage  Management  Fund;  and  to  provide  for  the  payment  of 
certain  charges  to  the  Fund  by  persons  platting  property  and/or  developing 
residential,  commercial,  industrial,  or  institutional  property  which 
increases  stormwater  runoff. 

The  City  Council  of  the  city  of  _  does  hereby  ordain: 


Section  1:  Statement  of  Policy 

It  is  in  the  best  interest  of  the  public  to  protect  against  uncoordinated 
and  unplanned  land  development  affecting  marshes ,  swamps,  wetlands,  drainage- 
ways,  lakes,  and  watercourses  within  the  city.  Such  development,  if  allowed 
to  continue  uncontrolled,  will  cause  damage  to  public  and  private  improve¬ 
ments  through  inundation  by  floodwaters;  will  create  a  need  for  the  construc¬ 
tion  of  expensive  storm  sewers  and  other  public  projects;  will  cause  the 
permanent  destruction  of  natural  resources;  will  result  in  the  loss  of  exist¬ 
ing  and  potential  water  detention  and  retention  facilities,  open  space  areas, 
and  wildlife  habitats;  and  will  impair  the  quality  of  public  and  private  water 
supplies . 

The  general  purpose  of  this  ordinance  is  to  permit  and  encourage  a 

coordinated  land  and  water  management  program  in  the  city  of  _ . 

The  specific  objectives  of  the  ordinance  are  to: 

(a)  Reduce  danger  to  health  and  provide  safe  and  sanitary  drainage 
by  protecting  surface  water  and  groundwater  supplies  from  impair¬ 
ment  resulting  from  incompatible  land  uses. 

(b)  Reduce  the  financial  burdens  imposed  on  the  city  of 
_ ,  on  downstream  communities  and  on  individuals 
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therein  by  the  occurrence  of  frequent  flooding  and  overflow  of 
water  on  lands. 

(c)  Permit  and  encourage  planned  land  development  which  will  not 
alter  the  flow  of  floodwater  or  increase  danger  to  life  or  property. 

(d)  Permit  and  encourage  land  uses  compatible  with  the  preserva¬ 
tion  of  natural  ponds,  marshes,  and  other  potential  detention  and 
retention  areas  which  are  a  principal  factor  in  maintaining  uniform 
rates  of  water  flow  in  the  natural  drainage  system. 

(e)  Encourage  the  design  and  implementation  of  a  stormwater  man¬ 
agement  system  which  minimizes  the  entrainment  of  pollutants  and 
provides  for  reasonable  control  of  stormwater  runoff  before  the 
runoff  reaches  the  natural  drainage  system. 

(f)  Provide  sufficient  land  area  to  carry  abnormal  stormwater 
flows  in  periods  of  heavy  precipitation  to  prevent  the  needless 
expenditure  of  public  funds  for  storm  sewers  and  flood  protection 
devices  that  can  be  avoided  with  orderly  planning. 

(g)  Prevent  development  in  areas  determined  unfit  for  human  usage 
because  of  the  danger  from  flooding  or  the  existence  of  unsanitary 
conditions  or  other  hazards. 

Section  2:  Definitions 

(a)  "Owner"  means  any  person,  firm,  or  corporation. 

(b)  "Plan"  means  the  city's  Urban  Drainage  Master  Plan. 

(c)  "Development"  means:  platting  property  under  the  Subdivision 

Ordinance;  commercial,  industrial,  and  institutional  construction 
activity  that  increases  stormwater  runoff;  and  residential  con¬ 
struction  activity  involving  more  than  _  units  that  causes  an 

increase  in  stormwater  runoff. 
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(d)  "Cost  basis  per  acre"  for  the  acquisition  and  physical  develop¬ 
ment  of  stormwater  retention  areas  or  conveyance  facilities.  This 
amount  shall  be  computed  on  a  per  acre  basis  and  it  shall  be  deter¬ 
mined  by  and  revised  by  resolution  of  the  City  Council. 

(e)  "Detention"  means  the  temporary  storage  of  water. 

(f)  "Retention"  means  the  relatively  permanent  storage  of  water. 

(g)  "Stormwater  management"  means  a  system  of  structural  or  non- 

structural  measures  which  controls  the  increased  rate  and  volume  of 
surface  water  runoff  caused  by  development.  Stormwater  management 
has  the  effect  of  maintaining  existing  patterns  of  flood  magnitude 
and  frequency. 

(h)  "Fund"  means  the  city's  Urban  Drainage  Management  Fund. 

Section  3:  Establishment  of  Fund 

There  is  hereby  established  and  created  a  fund  designated  as  the  Urban 
Drainage  Management  Fund. 

Section  4:  Purpose  of  Fund 

The  purpose  of  the  Fund  is  to  provide  for  the  acquisition  and  development 
of  stormwater  detention  and  retention  areas  within  the  city  of 


Section  5;  Applicability  of  Fund 

Any  owner  who  increases  stormwater  runoff  by  platting  and/or  developing 
commercial,  industrial,  residential  or  institutional  property  shall,  at  the 
option  of  the  city,  either  provide  on-site  storage  for  that  runoff,  contribute 
cash  to  the  Fund  on  a  cost  basis  per  acre  as  determined  by  the  city,  or  provide 
a  combination  of  on-site  storage  and  a  cash  contribution.  Whenever  possible, 
the  city  will  encourage  an  overall  system  approach  or  watershed  approach 
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rather  than  an  individual  approach  to  the  development  of  stormwater  manage¬ 
ment  systems. 

When  it  is  the  opinion  of  the  City  Council  that  any  owner  platting 
property  and/or  developing  commercial,  industrial,  residential  or  institu¬ 
tional  property  can  or  should  provide  total  on-site  retention  of  the  increase 
in  runoff  generated  by  the  development,  said  owner  shall  provide  total  on-site 
retention  in  a  manner  satisfactory  to  the  city  and  no  cash  contribution  to  the 
city  shall  be  necessary.  The  facilities  will  be  designed  by  the  owner  in 
accordance  with  criteria  set  forth  in  the  city's  Urban  Drainage  Master  Plan. 

When  it  is  the  opinion  of  the  City  Council  that  any  owner  platting  and/or 
developing  commercial,  industrial,  residential  or  institutional  property  can¬ 
not  or  should  not  provide  total  on-site  retention  of  the  additional  storm¬ 
water  runoff  generated  by  the  development  in  a  manner  approved  by  the  city, 
such  an  owner  shall  pay  to  the  city  an  amount  on  a  cost  basis  per  acre 
determined  by  computing  the  percentage  of  the  peak  discharge  or  increased 
volume  that  can  be  attributed  to  the  proposed  improvement  as  determined  from 
the  city's  plan. 


If  partial  on-site  storage  is  approved  by  the  City  Council,  the  on-site 
storage  shall  be  provided  by  the  owner  in  a  manner  satisfactory  to  the  city. 
The  percentage  of  the  payment  required  by  the  owner  to  the  city  shall  be 
computed  by  determining  the  net  increase  in  the  peak  discharge  or  runoff 
volume  after  any  approved  on-site  storage  is  provided. 


Amounts  due  to  the  city  for  any  developments  shall  be  paid  prior  to  the 
issuance  of  any  permits  for  the  development  unless  an  alternative  method  of 
payment  is  approved  by  the  City  Council. 


Section  6:  Fund  Disbursements 


Fund  receipts  shall  be  used  only  for  the  purpose 
development  of  stormwater  detention  or  retention  areas 
ties  within  the  city,  including  debt  retirement.  The 
majority  vote,  however,  declare  said  funds  surplus  and 


of  acquisition  and/or 
or  conveyance  tacili- 
City  Council  may  by  a 
expend  said  funds  for 
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water-related  management  projects  not  confined  to  the  city’s  corporate 
l imits . 


Any  person,  firm  or  corporation  who  violates  anv  portion  of  this  ordin¬ 
ance  shall  be  guilty  of  a  misdemeanor  and  shall,  upon  conviction  thereof,  be 
subject  to  a  fine  of  not  more  than  $300  or  imprisonment  for  not  more  than  90 
days  or  both. 


Section  8:  Exemption 


Any  development  which,  because  of  its  size  or  location,  will  have  no 
measurable  effect  on  stormwater  discharge  or  runoff  volume  may  be  exempt  from 
providing  on-site  storage  or  contributing  to  the  Fund,  provided  the  owner  can 
demonstrate  to  the  city  that  the  effect  of  the  proposed  development  on  storm 
runoff  or  discharge  is  negligible. 


